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Volume 1 EXECUTIVE SUMMARY

The Executive Summary provides an overview of major elements of the Study. It summarizes the
Study analytic efforts, the documentation developed, and reviews the recommendations resulting from
the analyses conducted during Phase 2 of the Study.

Volume 2 PHASE 2 FINAL ORAL PRESENTATION

The Final Presentation Material volume contains the charts used In the Final Oral Presentations for
Phase 2, at KSC on April 6, 1988. A brief, overall review of the Study accomplishments is provided.
An indepth review of the documentation developed during the last quarter of Phase 2 of the Study is
presented. How that information was used in this Study is explained in greater detail in Vols. 3 and 4.
An initial ook at the topics planned for the upcoming Workshops for Government/Industry is presented
along with a cursory look at the results expected from those Workshops.

Volume 3 SPACE-VEHICLE OPERATIONAL COST DRIVERS HANDBOOK (SOCH)

The Space-vehicle Operational Cost drivers Handbook (SOCH) was assembled early in Phase 2 of the
Study as one of the fundamental tools to be used during the rest of the Phase. The document is made up
of two parts -- packaged separately because of their size.

Part 1 Presents, in checklist format, the lessons learned from STS and other programs.
The checklist items were compiled so that the information would be easily usable
for a number of different analytical objectives, and then grouped by disciplings or
gross organizational, and/or functional responsibilities. Content of the checklists
range from 27 management; 11 system engineering; 8 technology; and 19 design
toplcs -- with a total of 793 individual checklist items. Use of this Handbook to
identify and reduce Cost Drivers is recommended for designers, Project and
Program managers, HQ Staff, and Congrassional Staffs.

Part 2 Contains a compilation of related reference information about a wide variety of
subjects including ULCE, Deming, Design/Build Team concepts as well as current and
previous space launch vehicle programs. Information has been accumulated from
programs that range from, Saturn/Apollo, Delta, Titan, and STS to NASP and
Energia.

Volume 4 SIMPLIFIED LAUNCH SYSTEM OPERATIONAL CRITERIA (SLSOC)

The SLSOC document was developed from the generic Circa 2000 System document, Vol. 6; Is similar in
content; and also indicates the manpower effect of the elimination of many STS-type cost drivers. The
primary difference between the two documents is the elimination of all generic Circa 2000
requirements (and support) for manned-flight considerations for the ALS vehicle. The data content of
the two documents, while similar in nature, was reorganized and renumbered for SLSOC so that it could
be used as the basis for various panels and subpanels in an ALS Workshop.
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PHASE 2 STUDY REPORT (Cont'd)

Historical data is the basis for the conclusion that incremental improvements of technology and
methods cannot significantly improve LCC (by an order-of-magnitude) without major surgery. A
system enabling the development of a radically simplified operational concept, reflected in SLSOC, was
included so that proposed designs (and operations) could be compared to systems providing for
simplicity -- rather than the current STS complexity.

The identified operational cost drivers from STS plus other historical data were used as background
reference information in the development of each example concept designed to eliminate cost drivers.
These example concepts, when integrated, would support an order-of-magnitude cost reduction in
current (STS), exorbitant Life Cycle Costs (LCC). Individual operational requisites were developed for
oeach element in the associated management systems, integration enginesring, vehicle systems, and
supporting facilities. These have associated rationale, sample concepts, identification of technology
developments needed, and technology references to abstracts. The technology abstracts are provided in
a separate volume, Vol. 5.

Technology changes almost daily, thus past trade studies may no longer be valid. In addition, old
“trades" often used inaccurate gstimates of “real” operational costs. Vehicle designs are compromises
and have been performance oriented with operations methodstechniques based on those designs. It is
the intent of our example concepts in the SLSOC to stimulate design teams to improve or replace

conventional design approaches. Obviously, it Is up to the responsible program design teams to provide

design solutions to [esglve operational cost drivers.

Volume 5 TECHNOLOGY REFERENCES

This document provides a repository for the Technology Referances for the SLSOC and the CIRCA 2000
System documents. The technology references, mostly from NASA RECON, are supplied to the reader
to facilitate analysis on either the SLSOC or the CIRCA 2000 System documents. Some data references
were also obtained via DIALOG. [ more technical information is desired by an analyst, he must obtain
the additional documentaiton thru his library or from some other appropriate source. The XTKB
(EXpanded Technology Knowledge Base) provided a usar-friendly tool for our analyses in identifying
and obtaining the computerized database reference information contained in this document. Thousands of
abstracts were screened to obtain the 300 plus citations pertinent to SLSOC in this Volume.

Yolume 6 CIRCA 2000 SYSTEM OPERATIONAL REQUIREMENTS

The Circa 2000 System Operations Requirements were developed using STS as a working data source.
We Identifled generic operations cost drivers resulting from performance-oriented vehicle design
compromises and the operations methods/techniques based on those designs. Those Cost Drivers
include high-cost, hazardous, time & manpower-consuming problem areas involving vehicles, facilities,
test & checkout, and management / system enginaeering. Operational requisites containing rationals,
example concepts, Iidentification of technology developments needed, and identification of technology
references using available abstracts were developed for each Cost Driver identified. Elimination of cost
drivers significantly reduces recurring costs for prelaunch processing and launch operations of space
vehicles.

.NQIE3 Volumes 1,3,4 and 5 are being widely distributed. Volume 2 is a copy of presentation material
already distributed and Volume 6 will be distributed only on request. Copies of the full report
will be placed in libraries at NASA HQ., JSC, KSC, MSFC and NASA RECON. Individual volume
copies may be obtained by forwarding a request to W. J. Dickinson, KSC PT-FPO, (407)
867-2780.
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SPACE-VEHICLE OPERATIONAL COST-DRIVERS HANDBOOK (SOCH)
APPENDICES

6.0 INTRODUCTION

The appendices to the Space-Vehicle Operational Cost-Driver Handbook (SOCH)
are included to: (1) provide references for some of the topics in the basic
SOCH document and (2) provide users with a selected survey of historical,
current and future program background data in an easily referenced format.

The types of data include pad configuration for Apollo and STS; comparative
vehicle sizes, weights, and thrust; mission results; future manifests for
STS and Arriane, and foreign vehicle statistics/configurations/planning.
Also 1included is the complete file on topics referenced in the SOCH such as
Deming’s Management Principles, Unified Life Cycle Engineering and
recommended Space Transportation Architecture Study configurations. All of
these provide background for comparisons of space vehicle operations in the
past, present and future.

The U.S. and foreign commercial publication data selected for use in
preparing the Handbook are reproduced here with permission of the respective
publishers. Also included are NASA and NASA contractor briefing documents,
and fact sheets.
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6.1 UNIFIED LIFE CYCLE ENGINEERING (ULCE)
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Unified Life Cycle Engineering (ULCE)

6.1
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ES-5

Instruments/

Requirement

Figure ES-1. ELEMENTS REQUIRED FOR AN ULCE ENVIRONMENT
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6.2 DEMING’S MANAGEMENT PRINCIPLES
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THE DEMING ROUTE TO QUALITY AND PRODUCTIVITY
by Villiam V. Scherkenbach

POINT 1
Create constancy of purpose toward improvement of product and service, with
the aim to become competitive, stay in business, and provide jobs.

POINT 2

Adopt the new philsophy. We are in a new economic age, created by Japan.
Vestern management must awaken to the challenge, must learn their
responsibilities, and take on leadership for change. :

POINT 3

Cease dependence on inspection to achieve quality. Eliminate the need for
inspection on a mass basis by building quality into the product in the first
place.

POINT 5
Improve constantly and forever the system of production and service, to
improve quality and productivity, and thus constantly decrease costs.

POINT 12

Remove barriers that rob the hourly worker of his right to pride of
vorkmanship. The responsibiity of supervisors must be changed from stressing
sheer numbers to quality. Remove barriers that rob people in management and
engineering of their right to pride of workmanship. This means, inter alia,
abolishment of the annual merit rating and of management by objective.

POINT 8 o : ,
Drive out fear, so that everyone may work effectively for the company.

POINT 9

Break down barriers between deparments. People in research, design, sales,
and production must work as a team to foresee problems of production and in
use that may be encountered with the product or service.

POINT 10
Eliminate slogans, exhortations, and targets for the work force that ask for
zero defects and new levels of productivity.

POINT 11

Eliminate work standards (quotas) on the factory floor. Substitute
leadership. Eliminate management by objective. Eliminate management by
numbers, numerical goals, substitute leadership.

POINT 7 ) '

Institute 1leadership. The aim of leadership should be to help people,
machines and gadgets to do a better job. Supervision of management is in need
of overhaul, as well as supervision of production workers.

POINT 6
Institute training on the job.

POINT 13
Institute a vigorous program of education and self-improvement.

POINT 4

End the practice of awarding business on the basis of price tag. Instead,
minimize total cost. Move toward a single supplier for any one item on a
long-term relatinship of loyalty and trust.

POINT 14
Put everybody in the organization to work to accomplish the transformation.
The transformation is everybody’s job.
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DR. DEMING'S CONCEPTS

Dr. Deming has a number of concepts related to the management use of statistical techniques to
improve quality and productivity. The most important of these are:

*

The fundamental philosophy associated with the economic production of goods must be
based on defect PREVENTION rather than defect DETECTION. This approach requires a
system of PROCESS CONTROL, which can only be effectively implemented through
STATISTICAL TECHNIQUES. Decisions to modify or adjust processes must be based on
statistical evidence, such as control chart data. “Reliance on INSPECTION for quality
control is both ineffective and inefficient,

MANAGEMENT must be dedicated to the ONGOING improvement of quality not simply a

one-step improvement to an acceptable plateau. Management must be willing to implement
changes in the ways a company does business in order to achieve that quality improvement.

Interpretation of statistical data through such techniques as control charts can help
distinguish between COMMON and SPECIAL causes of problems:

COMMON CAUSES are due to the "system" and can be corrected only by management.
They typically account for about 85% of quality problems. The "system” includes all
gen aspects of the business such as product engineering, manufacturing/assembly,
purchasing, marketing, etc. All these activities must share in a company's quality
commitment and participate in the resolution of problems.

SPECIAL CAUSES relate to an individual process itself and can be resolved by the local
people involved (e.g., operators, supervisors, maintenance people, etc.). Special causes
typically account for about 15% of problems. Employees must be given adequate

information to solve problems, including the cost of defects and training in statistical
techniques.

QUALITY and PRODUCTIVITY are not conflicting goals; improvements in quality will
also result in productivity gains.

Similar to Japanese practice, relations with SUPPLIERS must be based on mutual
partnership that provides a balance among quality, delivery and price goals rather than on
price-based competition alone. Since suppliers significantly affect product_quality,

suppliers should be encouraged to consider the use of statistical techniques. Training
should be provided if necessary.

Such concepts as work standards, goals and acceptance standards cannot in and of

themselves improve quality. Only action based on statistical data can improve quality and
productivity.

Good quality does not mean achieving perfect quality but rather a CONSISTENT and

PREDICTABLE QUALITY LEVEL WHICH MEETS THE NEEDS OF THE
MARKETPLACE.

Source: Ford Motor Company, Product Quality Office, December 1981

, 20
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14.

DEMING'S FOURTEEN OBLIGATIONS OF MANAGEMENT

Create constancy of purpose.

Adopt the new philosophy.

Cease dependence on mass inspection.

Elvinrxinatcr suppliers that cannot provide statistical evidence of quality.
Find problems. Continue to improve the system.

Institute modern methods of training on the job.

Improve methods of supervision of production workers.

Drive out fear, so that everyone may work effectively for the company.
Break down barriers between departments.

Eliminate numerical goals, posters, slogans for the work force.
Eliminate work standards that prescribe numerical quotas.

Remove barriers that stand between the hourly worker and his right to pride of
workmanship.

Institute a vigorous program of education and training.

Create a structure in top management that will push every day on the above 13 points.
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W. EDWARDS DEMING

Born in 1900. Grew up in a small town in Wyoming. Attended the University of Wyoming
majoring in electrical engineering. Went on to earn a Ph.D. in mathematical physics at Yale.

During the twenties he worked for a time at Western Electric where he began his work on
fourteen points. During the 1930's Deming worked to help others understand the new science
of statistical process control. Walter Shcwharg of Bell Labs was a great influence. Deming
was among a few to understand Shewhart. During the 1940's his achievements began with his
work at the Bureau of the Census. Dun'n§ World War II he helped defense industries apply
statistical quality controls. Around 1948 he made his first visit to Japan to speak with
scientists and engineers. He found much statistical talent and interest. In 1950 he presented
his ideas to the major industrialists called together by Ishikawa for the purpose of improving
the national quality image. o ,

In 1979 he became a consultant to the Nashua Corporation where he would later be called by
Bill Conway, then president and CEO, "The Father of the Third Wave of the Industrial
Revolution.” .

NBC-TV presented a white Eaper called "If Japan Can -- Why Can't We?", a documentary that
featured Deming's philosophy as a new way to improve quality and productivity.

He thus came into clearer focus here in America. It wasn't long before top executives at the
major automotive companies were anxious to hire him as their consultant.

He is widely sought by many companies wanting to learn his "secrets" of Japanese success.
He directs them to follow his 14-points and learn statistical process control.

He says its "so simple."
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6.3 DESIGN / BUILD TEAM CONCEPTS
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- 6.3 DESIGN / BUILD TEAM CONCEPTS
This New Management technique (Design/Build Teams) will shatter
existing "Rice Bowls".

Will instill a real feeling of team participation in ALL project
Members.

Is also the most difficult to achieve because it requires EACH
project member to:

Desire -- the change in the way of doing business
Belief -- that change can be accomplished within the system

This requires firm leadership from the TOP.

MANUFAC TURIN
ENGR. /- MANUF, OPERATIONS

~/
x4 )
D (ALl E

m,
\‘ ‘ﬁ,
T,

s
S S S
I oz way i

TEAM

MANAGEMENT TECHNOLOGY CARTOON
(Boeing Aerospace Operations)
Figure 6
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6.3 DESIGN / BUILD TEAM CONCEPTS
DESIGN/BUILD TEAM (DBT) AUTHORITY

All Design/Build Teams (DBT) are initiated by joint memo from
Program Engineering and Operations Management.

The memo establishes each design package and the schedule for its
implementation by the assigned team.

It 1is the responsibility of the Engineering and Manufacturing
management to identify the DBT co-chairmen. The DBT co-chairmen
will consist of one person from Engineering Project Design and
one from Manufacturing Engineering.

SGOET STUDY DESIGN/BUILD TEAM (DBT) PRESENTED AT
PRESENTATION AUTHOR'TY KSC
by BOEING JULY 31,1987
PROGRAM
DEFINITICN WORK PACKAGE DESTGQATE START
PHASE
y i COAETIGIRATI
/ | PROGRAM DIRECTION  |—p» oaiggam | ) S—
T .
DESIQN/BUILD TEAM MEMBERSHIP STUDIES

OOMPONENT CONFIGURATICN
WEIGHT

FUNCTIONAL REQUIREMENT

BASELINE SOW

(STATEMENT-OF-WORK)

BASELINE OCMPONENT OOST

BASELINE MARKET VALUE '
TRADE STUDY FACTORS | ,
SFIECT DBT CO-CHAIRMEN

(ENGR. & MFG.)

o © o0 o

o O O o

é

o AUTHORITY CF DBT

PROGRAM DEFINITION PHASE
Figure 7
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6.3 DESIGN / BUILD TEAM CONCEPTS
DESIGN/BUILD TEAMS (STRUCTURE)
New management technology is required to achieve maximum effect

from computer aided design tools.

New design management is the hardest part to establish but
without it the new design methods will not work.

Design Build Teams DO NOT report back to functional fathers.
They have complete design responsibility, within the team, for
their specific assignment per Joint Authority Memo.

Design/Build Team(s) reports directly to Project Management.
Requires larger effort on the part of System Engineering to
establish firm operational, performance and cost requirements to
the subsystem level; 1i.e., see DBT Authority on preceding page.

These new management methods are in place within Boeing. Pilot
projects have proven their value.

SGOET STUDY PRESE
ol DESIGN / BUILD TEAMS e |
by BOEING (STRUCTURE) JULY 31,1987
- PROJECT MANAGEMENT
ENGINEERING QOST COPERATICNS OTHER

MANAGFMENT

PR&EET' STAFF '
STRUCTURES
OONF'IGURATICN
PRCD(I,TPSSURM "Esssessescenasde

MATERIALS TECHNOLOGY
MANUFACTURING ENGINEERING

WEIGHTS AUTHORITY BY JOINT MRMO DBT CRITICAL
STRESS FROM PROGRAM ENGINEERING] | DESIGV REVIEWS
AERODYNAMICS AND COPERATICNS MAMT (CDR)

FABRICATION DIVISION
INDUSTRIAL ENGINEERING
TOOLING

MR&D

FACTCRY
DESI@GN-TO-QOST
SCHEDULE

QOST METHCDOLOGY
MATERIAL

FACILITIES
AUTOMATION

SCFTWARE

RAVIONICS

PROJECT MANAGEMENT
Figure 8
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6.4 NASA-A.F. LAUNCH/FLIGHT/CONFIGURATION STATISTICS
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LAUNCH/FLIGHT/CONFIGURATION STATISTICS

NASA-A.F.

6.4
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KSC Historical Report No. 1A (KHR-1A)

MAJOR NASA LAUNCHES

(EXCLUDING SPACE SHUTTLE LAUNCHES AND PAYLOADS;

SEE KHR-18 FOR SHUTTLE DATA)

EASTERN TEST RANGE (ETR) AND WESTERN TEST RANGE (WTR)
OCTOBER 1, 1958 - DECEMBER 31, 1986

TOTAL MAJOR ETR AND WTR LAUNCHES 333

MAJOR NASA LAUNCHES ARE FROM THE KENNEDY SPACE CENTER AND CAPE
CANAVERAL AIR FORCE STATION (EASTERN TEST RANGE) IN FLORIDA; THEY
INCLUDE LAUNCHES AT THE VANDENBERG AIR FORCE BASE (WESTERN TEST
RANGE) IN CALIFORNIA. LAUNCHES OF NON-MILITARY SPACECRAFT BY THE U.S.
AIR FORCE AT VANDENBERG AIR FORCE BASE AND LAUNCHES OF THE
SMALLER NASA SCOUT VEHICLE ARE NOT LISTED ON THIS CHART.

NOTES:
RESULTS:

S — Successful
P - Launch Successful - Mission Failure
U - Unsuccessful

1 - Multiple payload aboard single launch vehicle
2 - Launched from Western Test Range (WTR)
3 - Thrust-augmented first stage (solid motor strap-ons)
4 .- NASA Launch — non-NASA mission or joint project
5 - BP: Boilerplate, or dummy; S/C: Spacecraft;
CSM: Apollo command and service modules; LM: Apollo lunar module; DM: docking module
6 — Planned as first marined Apollo mission — — — failed in ground test 1/27/67
7 - See KHR—18B for spacecraft in this series launched on the Space Shuttle

NNASN

National Aeronautics and
Space Administration




EARTH OBSERVATIONS

LAUNCH
PAD

17A
17A
17A
17A
17A
17A
178
178
17A

178
174
178

25LC-2€

25LC 2E

25 2€

251C-2€

2g1.C 2E
2g.C2€
178

25w
25LC.2W
251C-2€
25LC.2wW
5L 2w
25.C.2w
25 02w

25.c.2W

25LC 2€
25LC-2E
2g.C-2€
25.C 2€
25LC-2E
25LC-2W
[LC-2W
25c.2w

178
178
178
178
178
17A
17A
17A
17A

178
17A

LAUNCH
PAD

17A

2sLC-2E
25LC2E
25LC-2W

sLc. 2w

LAUNCH
PAD

25w
251C 2W
52w

Zsicw

METEOROLOGY
MISSION LAUNCH LAUNCH PAYLOAD
NAME DATE VEHICLE CODE
TIROS (Television Infrared Observations Satellites}
TIROS 4/1/60 Thor Able & Al
TIROS 2 11/23/60 Delta-3 TIROS B (A 2)
TIROS 3 7/12/861 Delta- S TIROS.C (A3
TIROS 4 2/8/62 Deita-? TIROS.D (A-9)
TIROS 5 6/19/62 Deita- 10 TIROS € (A-50)
TIROS 6 9/18/62 Detta- 12 TIROS-F (A51)
TIROS 7 6/19/63 Delta 19 TIROS-G (A-52)
TIROS 8 12/21/63 Delta-22 TIROS-H (A-53)
TIROS 9 1/22/65 Delta-28 TIROS | {A-54)
TIROS OPERATIONAL
AT|ROS 10 7/11/65 Deita-32 orT1
4gsSA 2/3/66 Deita-36 o7 3(TOS)
4ESSA 2 2/28/66 3Det1a 37 oT-21TOS)
dESSA 3 10/2/66 3Deita-41 TOS A
4gSSA 4 1/26/67 3peita-45 TOS B
4gSSA S 4/20/67 3peita- 48 T0S-C
4ESSA 6 11/10/67 3pelta 54 TOSO
4eSSA 7 8/16/68 3peita 58 TOSE
4gSSA B 12/15/68 3Deits-62 TOS-F
4gSSA 9 2/26/69 3Deita-67 105G
IMPROVED TIROS OPERATIONAL
4,708 t/OSCAR S 1/23/70 30elta 76 17TIROS M/OSCAR
ANOAA 1 12111/70 3Delta-81 ITOS-A
4108 10/21/71 . 3Deita 86 17058
4NDAA 2/0SCAR 6 10/15/72 3peina 91 1)70S.D/OSCAR
4108 7/16/23 3Delta-96 ITOS-E
aNOAA D 11/6/73 3Del12:98 ITOS-F
4nOAA &/INTASAT/ 11/15/74 3Delrs 104 WTOS-G/INTASAT/
OSCAR 7 3 OSCAR
ANOAA S 7/29/76 Oelta- 126 ITOSE 2
NIMBUS .
Nimbus V 8/20/64 Thor Agena-J Nimbus-A
Nimbus 2 5/15/66 3Thor-Agena-6 Nimbus-C
Nimbus 5/18/68 IThor-Agena-d Nimbus-8
Nimbus 3/SECOR 4/13/69 3Thor-Agena- 10 1N.mbus-B2/SECOR
Nimbus 4/TOPO 1 4/8/70 3Thor-Agena-13 INimbus D/ TOPO
Nimbus 5 12/10/72 3pe1a 93 Nimbus-E
Nimbus & 6/12/75 3peita- 111 Nimbus-F
Nimbus 7 10/24/78 I0ei12-145 Nimbus-G
GEOSTAT!ONARY OPERATIONAL ENVIRONMENTAL SATELLITES
45ms 1 517774 3peit 102 SMS-A
4sms 2 16175 3Deite 108 SMS-8
4GOES 1 10/16/7% 3peita 118 GOESA
4GOES 2 6/18/77 30eita 131 GOESB
4GOES 3 6/16/78 3peita 142 GOESC
4GOES 4 9/9/80 3pelta 152 GOES-D
OESS 5/22/81 304its 154 GOES-E
4GOES 8 4/28/83 3peita 168 GOESF
4G0ES G $/3/86 3peita 178 GOESG
INTERNATIONAL GEOSTAT!ONARY METEOROLOGICAL SATELLITES
AGMS {Japan) 7114177 Jpeha 132 GMS
AMETEOSAT (ESA) 11122177 3Delta 136 METEOSAT
MISSION LAUNCH LAUNCH PAYLOAD
NAME DATE VEHICLE CODE
GEOS (Geodetic Satellites) .
GEOS 1 (Explorer 29) 11/6/65 3Det1a-34 GEOS-A
PAGEOS 1 6/23/66 IThor-Aqena-7 PAGEOS-A
GEOS 2 |Exploser 36} 1/11/68 3Deita-56 GEOS B
GEOS 3 4/9/75 IDeita- 108 GEOS-C
LAGEOS (Laser Geodynamic Satellites)
LAGEOS 1 5/4/78 Ipeita- 123 LAGEOS
EARTH RESOURCES TECHNOLOGY
MISSION LAUNCH LAUNCH PAYLOAD
NAME DATE VEHICLE CODE
ERTS (Earth Resources Technology Satellites)
LANDSAT 1 7123172 3Deita 89 EATS-A
LANDSAT 2 1122175 Delta- 107 ,ERTSS
LANDSAT 3/OSCAR 8 3/5/78 3Deits- 139 tgaag:u-c:
LANDSAT 4 116/82 Ipeia-163 Landsat:D
4 ANOSAT 5 3/1/84 Deita-174 Landsat D Prime
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APPLICATIONS TECHNOLOGY

-

MISSION LAUNCH LAUNCH PAYLOAD LAUNCH ETR

NAME DATE VEMHICLE CODE PAD TEST NO. RESULTS

ATS (Applicstions Technology Setellites) -
ATS 1 12/8/98 Atlms-Agons-19 ATSS 12 2%y [
ATS 2 4/5/87 Atias-Agons-21 ATSA . 12 4870 [
ATS 3 11/8/47 Aties-Agena-28 ATSC 12 2900 [ ]
ATS 4 ’ 8/10/68 Atias-Contaur-17 ATSOD A 4000 1 4
ATSS 8/12/08 Atiss-Contaur-18 ATSE BA 1714 [ ]
ATS 6 3/30/74 Titan 111-C ATSF L] 7670 8

STRATEGIC OLFENSE INITIATIVE
4s01-1 /58 Deits 180 SOI-1 178 5200 s

MERCURY

MISSION LAUNCH LAUNCH PAYLOAD LAUNCH ETR

NAME DATE VEHICLE CODE PAD TEST NO. RESULTS

SUBORBITAL
Big Joe 9/9/59 Atles- 100 Ssr s/c 1 219 s
MA-} 7:29/60 Mercury-Atlas-500 5s:C-4 14 . 1508 u
MR-} 11:21/60 Mercury-Redstone- 1 Ssic2 5 4500 u
MR-1A 12:19,60 Mercury Redstone-3  55.C 2A 5 S111 s
MR-2 (Chimp “Mam''} 1/31/61 Mercury Redstone-2 Ss.cs 5 1808 s
MA.2 2:21/61 Mercury-Atles-670 Ssic.6 14 419 s
MR.80 3:2¢.61 Mercury-Redstone-5 Sep 5/ s 1378 s
MR-3 (Shepard) 5/5/61 Mercury R ? Fr 7 [ 108 s
MRA.4 (Grissom) 7:21/81 Mercury-Redytone-8 Liberry Bell 7 5 1809 $

ORSE: - 4 2561 Mercury-Atlas- 1000 5s/c 8 14 838 v
MA.4 2:13,61 Mercury-Atlas 880 Ss/c.8a 14 1254 5
MS-) 19/1:61 Mercury-Scout - 188 . 3753 U
MA-5 (Chimp “Enos™] 112961 Mercury-Atlas-930 Ssic.9 4 1810 s
MA.§ (Gienn) 2:20:62 Mercury Atlas 1090 Friendship 7 14 5460 3
MA.7 (Carpenter) 5 24,62 Mercury-Attas- 107D Ayrora 7 14 65 s
MA.8 (Schurra) 10 362 Mercury Arigs- 1130 Sgma ? 14 66 s
MA.9 iCooper} 51563 Mercury Attas- 1300 Faith 7 14 129 s

GEMINI

MISSION LAUNCH LAUNCH PAYLOAD LAUNCH ETR

NAME OATE VEHICLE CODE PAD TEST NO. RESULTS

SUBORBITAL
Gemimi 2 1/ 19/6% Tuan 11 GLV-2 SGemint 5/C 2 19 4488 [

RBITA

° Gem-mL! 4864 Tuan 11 GLV T SGemini S:C-1 19 275 s
Gemimi 1 1Ge ssom.Young) 3.21.65 Tan il GLV'3 :Gmm. $/C13 19 475 s
Gemine & (McDiwitt White) 6.3 65 Tuan HHGLV 4 5Gcmnm sC4 19 1777 3
Gemini § (Coooer-Conrad) 8.21.65 Tian HGLV § Gemimi 5.C S 19 2318 S
Gemini § Target Vehucie 10:25:65 Attes TLV 5301 Agena TV 5002 14 4994 u
Gemuini 7 (Borman-Lovell) 12 4.65 Twan 11 GLV 7 SGemine §.C.7 19 ) 6145 S
Gemini A (Schira-Statiard) 12.15.65 Tian 11 GLV 6 SGemini SIC 6 19 7100 s
Gemire 8 Target Vehicle 3.16:66 Attas TLV 5302 Agena TV 5003 14 2166 p
Gemine 8 (Armyirong Scort 316 66 Tuan 11 GLV-8 5Gemin: $.C 8 13 1503 ¥
Gemini 9 Target Vehicie 517 66 Avies TLV 5303 Agena TV 5004 4 2398 U
Geminy 9A Augmented Target 6 1 66 Avas TLV 5304 ATDA 14 5060 P
Germini 9A (Staftord Cernan) 6.166 TunitGLv 9 SGemini S/C 9 19 2413 [
Gemini 10 Target Venicle 7 18.66 Attys TLV £305 Agene TV 5005 14 5434 H
Gemini 10 1Young-Coiling 7:18 66 Titan 11 GLV-10 SGemini 5C 10 19 6813 s
Gemini 11 Target Venwcie 9r12.66 Atias TLV 5306 Agens TV 50086 14 2429 S
Gemini 11 (Conrad Gordon! 912 66 Tuan 1 GLV 11 SGemini S/C 11 19 3287 s
Gemini 12 Target Vehicle 11 11 66 Atlas TLV $307 Agena TV 5001 14 3878 S
Gemini 12 (Lovell. Aldrin} 11,1168 Toten 1l GLV-12 emun S;C 12 19 2742 s

47



APOLLO

MISSION LAUNCH LAUNCH PAYLOAD LAUNCH ETR
NAME DATE VEHICLE CODE PAD TEST NO. RESULTS
MSFN TEST & TRAINING SATELLITES
TTS 1/Picneer B 12/13/87 3Detta 55 1r1s.A 178 2898 5
TETR 2/Pioneer 9 11/8/68 3Datts-60 TETR-8 178 6850 s
TETR/Pionesr 8/27/69 JDeita-73 TETR.C 17A 2052 u
YETR 3/0S0 7 9/29/7 3Dei1a-85 'TETR.D 17A 4617 s
SUBORBITAL
Apolic-Saturn 2/26/68 Saturn 1B AS-201 SCcSM-009 34 195 s
Apollo-Saturn 8/25/68 Saturn 1B AS-202 S5cSM-011 34 7897 s
EARTH ORBITAL .
Saturn-Agaolio 5/28/64 Satuin | SA.6 Scsm 8P-13 378 2769 s
Saturn-Apollo 9/18/64 Saturn | SA.7 ScSm BP-15 378 . A444 s
Saturn-Apotio (Pegasus 1) 2/16/65 Saturn | SA-9 5csm BP-16 378 143 S
Saturn-Apolio (Pegasus 2) 5/25/6% Saturn § SA-8 Scsm BP-26 378 2222 S
Saturn-Apollo (Pegasus 3) 7/30/65 Saturn | SA-10 ScSM BP-9A 378 ) 3530 s
Sapolio 1 Saturn 18 AS-204 5csm-012 34 .
{Grissom, White, Chatfes)
Apolio 4 11/9/87 Saturn V AS-501 ScsM.017 39A ° 72 s
Apollo 5 1/22/68 Sawurn 1B AS-204 SLMm-1 378 ' 2320 s
Apollc 6 4/4/68 Saturn V AS-502 5CsSM-020 39A 6343 P
Apolio 7 10/11/68 Saturn 1B AS-205 Scsm-101 34 66 s
{Schirra, Eissle, Cunningham)}
Apalio 9 3/3/69 Saturn V AS.504 S5cSM-104, LM-3 39A 9025 s
{McDivitt, Scott, Schweickart)
LUNAR ORBITAL
Apollo 8 12/21/68 Saturn V AS-503 Scsm-103 39A 170 s
{(Borman, Lovell, Anders) .
Apolto 10 5/18/69 Saturn V AS-505 SCSM-106, LM-4 398 920 s
{Statiord, Young, Cernan) .
LUNAR LANDING
Apollo 11 7/16/69 Satuin V AS-506 Scsm-107, LMS 39A §307 s
{Armstrong, Collins, Aldrin}
Apoho 12 11/14/69 Saturn V AS-507 ScsMm-108, LM-§ 39A 2793 s
{Conrad, Gordon, Bean) N
apollo 13 411770 Saturn V AS-508 Scsm-109, LM-7 394 3381 P
(Lovell, Swigert, Haisel : ’
Apolio 14 13T Saturn V AS-509 ScsSM-110, LM-8 394 7194 s
{Shepard, Roosa, Mitcheill
Apoilo 15 726/ Saturn V AS-510 .5CSM-112, LM-10 39A 7744 s
iScott, Worden, trwin} R
Apoatlo 18 4/18/72 Saturn V AS:511 S5csm.113, LM- 11 39A 1601 3
{Y oung, Mattingly, Duke) ]
Apoilo 17 1212172 Saturn V AS.512 SCSM-114, LM-12 39A 1707 s
{Cernan, Evans, Schmitt)
SKYLAB
MISSION LAUNCH LAUNCH PAYLOAD LAUNCH ETR
NAME DATE VEHICLE CODE PAD TEST NO. RESULTS
SKYLAB , L
Shytab 1 $/14/73 Saturn V AS51] Orbital Workshop 39A 6707 S
Skylsh 2 5/2%/73 Saturn 18 AS-206 SM-116 398 5914 s
{Conrad, Weitz, Kerwin}
Skylab 3 7/28/73 Saturn 18 AS-207 SCSM-117 398 4458 s
(Bean, Garriott, Lousma) .
Skylab 4 11/16/73 Saturn (B AS-208 5csSm-119 388 7729 s

{Carr, Pogue, Gibson)
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INTERNATIONAL SPACE SCIENCE

M(SSION LAUNCH LAUNCH
NAME DATE VEHICLE
AERIEL (British)
Aerial 1 4/26/62 Delta-9
ALOUETTE (Canadian)
Aloustte 1 9/29/62 Thor-Agena-1
Alouette 2/Explorer 31 11/28/65 Thor-Agena-5
1S1S (Canadian)
1S1S 1 1/28/69 3Deits-65
SIS 2 33171 3Delta-84
ESA (European Space Agency, Formerly ESRQ)
44EDS 1 12/5/68 3Delte-61
44EOS 2 1/31/72 3Deita-87
47D 1 3/11/72 3Dei12-88
4Cosmic 1 8/8/75 3Deita-113
4Geos 4/20/77 3Delta-130
4Geos 2 7/14/78 3Deita 143
INTASAT (Spanish)
4INTASAT/NOAA 4/ 11/15/74 3Deita-104 -
OSCAR 7
HELIOS {German)
Helios ¥ . 12/10/74 Titan {H-Cantaur-2
SHelios 2 1/15/78 Titan lil.Centaur-5
IRAS (infrared Astronomical Satellite)
“inas 1725/3 3treita-186
EXOSAT N
4€x0mt 5/26/83 3Deita-189 -

AS:TIVE MAGNETOSPHERIC PARTICLE TRACER EXPLORERS

AMPTE 8/16/84

Iodta178

49

PAYLOAD
CODE

§51 (UK.}

527
lalouette-B/DME-A

ISISA
15158

HEOS-A
HEQS-A2

TD-V/A .
COsS 8
ESRO/Geos
Geos-2

ViNsaT/iTOS
/OSCAR

Helios-A
Helios-8

IRAS

YamPTE

LAUNCH
PAD

17Aa

25LC-2€
25L.C-2€

25LC-2E
25LC-2E

178
2s51LC-2E
25.C-2€
25Lc.2w
178
174

25.c.2w

41
49

25 02w

25c.2w

17A

ETR

TEST NO.

83

8560

0747
5544

3718
2675

9405

4150

5125
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BIOSCIENCE

“NNA'\%'EON é:ggcu \L,AgNCH PAYLOAD LAUNCH  ETR
EHICLE CODE PAD TEST NO. RESULTS
8'%:‘#32;5 {Suborbital Primate Flights)
1 12/13/58 _Jupiter AM-1] Gordo 26/
BIOFLIGHT 2 5/28/59 Jupiter AM-18 Able-Baker 3 19e% .
BI%SO(sBi‘ological Satellites) .
i 12/14/68 Deita-43 BIOS.A '
BIOS 2 9/7/87 3Dei1s.51 B10S B :;: Zﬁg ;
8i058 3 8/28/89 30eita-70 BlOS-0 17A 197 P
MISSION LAUNCH LAUNCH PAYLOAD LAUNCH ETR
NAME DATE VEHICLE CODE PAD TEST NO. RESULTS
PIONEER (Lunar)
Pionser 1 10/11/58 Thor-Abie-1 - 17A 1863 V]
Pionser 2 1178/58 Thor-Able-2 - 17A 1806 U
Pionaser 3 12/6/58 Juno Il AM-11 - 5 2907 U
Pioneer 4 . 3/3/59 Juno I} AM-14 - 5 250 s
Pioneer 11/26/89 Atlas-Able- 1 - 14 £122 V]
Pioneer 9/25/60 Atlas-Able-2 £-30 12 2801 7]
Pioneer 12/15/60 Atlas-Able-3 P.31 12 4508 (V]
PIONEER (Interplanetary)
Pioneer 5 3/11/60 Thor-Able-4 P-2 17A 43 [
Piones: & 12/16/65 3Deita-35 Pioneer-A 174 4867 s
Pioneer 7 8/17/66 304ita-40 Pioneer-B 17A 3633 S
Pionaser 8/TTS 1 12/13/67 3Delta-55 Tpioneer.C 178 2898 S
Pionset 9/TETR 2 11/8/68 3Deita-60° Tpioneer-D 178 6850 s =
Pioneer/TETR 8/27/6% 3Delts-73 TPioneer-E 17A 2052 u
Pioneer 10 3/2/72 Atlas-Centaur.27 Pioneer-F 36A 2104 s
Pioneer 11 4/5/713 Atlas-Centaur-30 Pioneer-G 368 8088 S
Pionser Venus 1 . 5/20/78 Atlas-Centaur-50 Pionesr Venus Orbiter 364 2440 S
Pionesr Venus 2 8/8/78 Atlas-Centaur.51 Pioneer Venus 36A 7450 S
Multiprobe
RANGER .
Ranger 1 8/23/81 Atlas-Agens-1 P.32 12 5050 U
Ranger 2 11/18/61 Atlas-Agena-2 P-33 12 4507 v
Ranger 3 1/26/62 Atlas-Agena-3 P-34 12 125 (v
Ranger 4 4/23/62 Atlss-Agena-4 P.35 12 B2t P
Ranger 5 10/18/62 Atlas-Agena-7 P-36 12 5050 P
Ranger 6 1/30/64 Atles-Agena-8 Ranger-A (P.53) 12 250 P
Ranger 7 7/28/64 Atlas-Agena-9 Ranger-B {P-54) 12 448 S
Ranger 8 : 2/17/6% Atlas-Agena-13 Ranger-C 12 235 S
Ranger 9 3/21/65 Atlas-Agena-14 Ranger.0 12 300 S
SURVEYOR
Surveyor 1 5/30/68 Atlas-Centaur-10 - Surveyor-A 36A 184 S
Surveyer 2 9/20/66 Atlas-Centaur-7 Surveyor-B 36A 5739 P
Surveyor 3 4/17/67 Atlas-Centaur-12 Surveyor-C 368 6950 S
Surveyor & 7/14/67 Atlas-Centaur-11 Surveyor-D 36A 4213 P
Surveyor 5 9/8/67 Atlias-Centaur-13 Surveyor-E 368 . 7213 S
Survevor 6 11/7/67 Atlas-Centayr- 14 Surveyor-F 368 2020 S
Surveyor 7 1/7/68 Atlas-Centaur 15 Surveyor-G 36A 1384 S
LUNAR ORBITER :
Lunar Orbiter 1 8/10/66 Atlas-Agens-17 LO-A 13 4003 S
Lunar Orbiter 2 11/6/66 Atiay-Agena-18 L0-8 13 1469 S
Lunar Orbiter 3 2/4/87 Atlay-Agena-20 LoC 13 J424 S
Lunar Orbiter 4 5/4/87 . Avlas-Agens-22 LO-O 13 4 2935 S
Lunar Orbiter 5 8/1/67 Atlas-Agens- 24 LO-E 13 ' 6622 S
MARINER '
Mariner 1 [Venus) 7/22/62 Atlas-Agena 5 P37 12 2500 V]
Mariner 2 {Venus) 8/27/62 Atlas-Agena-& P.38 . 12 7N S
Maringr 3 (Mars) 11/5/64 Atlas-Agena-11 Mariner-64C 13 5800 )
Maringr 4 (Mars) 11/28/64 Atlas-Agenas-12 Mariner- 640 12 5049 S
Mariner 5 (Venus} 6/14/67 Atlas-Agens-23 Mariner-67E 12 5102 S
Mariner 6 {Mars) 2/24/69 Attas-Centaur-20 Mariner-69F 368 183 S
Mariner 7 (Mars) 3/27/69 Atlas-Cantaur. 19 Mariner 69G 36A 6891 S
Mariner 8 (Mars) 5/8/71 Atlas-Centaur 24 Mariner-71H J6A 366 U
Mariner 9 (Mars) 5/30/71 Atas-Centaur-23 Mariner-711 368 7744 S
Mariner 10 (Mercury) 1MW3/73 AvasCentaur-4 Mariner-73J e 3369 S
VIKING
Viking 1 (Mars) 8/20/75 Titan IH Centaur.4 Viking A 41 - 3396 S
Viking 2 {Mars) 9/9/715 Titan H1-Centaur-3 Viking- 8 41 37 S
VOYAGER
Voyager 2 8/20/77 Titan H)-Centaur-7 Vovyager-2 1 0808 S
Voyager | 9/5/717 Titan (H-Centaur-6 Vovager-1 a4 az7? S
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MISSION

COMMUNICATIONS
TECHNOLOGY DEVELOPMENT

LAUNCH LAUNCH . PAYLOAD
NAME DATE VEHICLE CODE
ECHO '
Echo $/13/60 Delta-1 A-10
Echo 1 8/12/60 Delta-2 At
Echo (Big Shat 1) 1/15/62 Thor-337 AVT-1 (A-12)
Echo (Big Shot 2) 7/18/62 Thor-338 AVT-2 (A-12)
Echo 2 1/25/64 YThor-Aqens-2 A2
TELSTAR ]
ATelstar 1 . 7/10/62 Deits-11 A-40
Avslster 2 5/7/63 Delta- 18 A-41
RELAY .
Reiay 1 12/13/62 Delta 15 A-15
Relay 2 1/21/64 Delta-23 A-16
SYNCOM
Syncom 1 2/14/63 Delta 16 Syncom-A {A-25)
Syncom 2 {Atlantic) 7/26/63 Delta-20 Syncom-8 (A-26)
Syncom 3 {Pacific) 8/19/64 Delta-25 Syncom-C
SYMPHONIE {French-German Experimental Communications Satellites)
Symphonie 1 12/18/74 3Delta-106 Symphonis-A
4symphomie 2 8/26/75 I0elta-114 Symphonie-B8
COMMUNICATIONS TECHNOLOGY SATELLITES
CTS (U.S.-Canadian} 1/17/76 Delta 119 CTS
451R10 (ltalian) ' 8/25/77 3Deta-133 SIRIO
407S-1 (ESA) 9/13/77 3Delts 134 oTs
ACS (Japan) 12/14/77 3Delta- 137 cs
4gSE (Japan) 4/7/78 3peita- 140 BSE
407S-2 (ESA) 5/11/78 3Delts- 141 0TS82
OPERATIONAL SYSTEMS
MISSION LAUNCH LAUNCH PAYLOAD
NAME DATE VEHICLE ~ CODE
INTERNATIONAL TELECOMMUNICATIONS SATELLITE ORGANIZATION
&)nreisat 1 (Early Bird) 4/6/65 + 3JD4ita-30 EB-A
4ynreisat It (Lane Bird) 10/26/66 3pela-42 F
Aintelsat 11 1/11/67 3Dea-44 F2
4inteisat 1) 3/22/67 3Delta-47 F-3
dinteisat I} 9/27/67 3Deita 52 F4
4)ntelsat 11} 9/18/68 3Delta-59 He-A
d)nceisat HI 12/18/68 Delts-63 F.2
4intalsat 1T 2/5/69 J0eita-66 F3
4intelsat 11 5/21/69 3Detra68 F 4
4intelsat 11l 7/25/69 3Deita- 71 HLE
4)nrelsat 11 1/14/70 3Deita-75 F6
Ainteisat 1N 4/22/70 JDeita- 78 F7
4ynrelsat 11 7/23/70 J0e1a-79 K]
&1ntelsat IV 1/25/71 Atlas-Centaur-25 F2
4intelsat 1V 1299/ Atlas-Centaur 26 F3
4)ntelsat IV 1/22/72 Atlas-Centaur-28 F4
Ainteisat IV 6/13/72 Atlas-Centaur-29 FS§
Sinrelsar IV 8/23/73 Atlas-Centaur-31 F.7
4yntelsat IV 11/21/74 Atlas-Centaur-32 Fa
4inteisat IV 2/20/75 Attas-Centaur-33 F-6
Qinteisat 1V 5/22/75 Atlas-Centaur-35 F-1
A)nieisat IV-A 9/25/75 Atlas-Centaur 36 F
:!melsn IV-A 1/29/76 Attas-Centaur-37 £2
gnelat VA, 5/26/77 Attas-Centaur-39 F4
g/niehat VA 9/29/77 Atlas Centaur 43 £ES
P IV-A 1/6/78 Atlas-Centaur 46 F3 .
Inteisat IV-A 3/31/78 Atlas-Cantaur 48 Fé
4intelsat V 12/6/80 Attas.Centaur.54 F2
Intelsat V 5/23/81% Atlas-Centaur-56 F-1
Intelsat V. 12/15/81 Atlas-Cantaur-55 F.3
Aintelsat V 3/4/92 Atles-Cantaur-58 F-4
S1neeiset V 9/28/82 Atlas-Centeur-60 F5
:lnlulul v 5/19/83 Atlas-Cantaur 61 F6
JIntelsat v 8/9/84 ,  Atlss-Centaur-62 -
Inteiset V-A 3/19/88 Atles-Centaur-63 F-10
Intelsat V-A 6/29/8% Atlas-Contaur64 F-11
intelsat V-A 9/26/85% Atlas-Contaur-85 F-12
WESTAR (U. S. Domestic Communications Satellites)
dwestar 1 4/13/74 3Delta-101 Westar-A
Westar 2 10/10/74 3Deita- 103 Westar-8
Awiestar J 8/9/79 3 - Westar C
Syvestar IV 2/25/82 - Westar-D
dyvestar V 6/8/82 Jpeita 162 Wester €
See Note 7
RCA (U. S. Domestic Communications Satellites}
ASATCOM 1 12/12/7% 3Deite-118 SATCOM-A
4SATCOM 2 1/26/76 Ipeita 121 SATCOM 8
45ATCOM 3 12/6/79 Joeits- 150 SATCOMC
ASATCOM IR 11/19/81 JDeita 158 SATCOM-D
ASATCOM (V 1/15/82 30elta-159 SATCOM.-C
4SATCOM V 10/27/82 3Delte- 165 SATCOM-E
4SATCOM 1R 4/11/83 3D4ite-167 SATCOM 1R
ASATCOM 2R 9/8/83 3Deita 172 SATCOM 2R
See Note 7
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SPACE SCIENCE
PHYSICS AND ASTRONOMY

MISSION LAUNCH LAUNCH PAYLOAD LAUNCH ETR
NAME DATE VEHICLE CODE PAD TEST NO RESULTS
BEACON
Beacon 10/22/58 Junoc | RS 49 - 5 1800 U
Beacon 8/14/59 Junoc 1l AM 198 - 268 2342 U
VANGUARD
Vanguard 2 2/17/59 Vanguard SLV-4 59 Alphs 18A 260 P
Vanguard 4/13/59 Vanguard SLV § - 1BA mm u
Vanguard 6/22/59 Vanguard SLV -6 - 18A 1008 (V]
Vanguard 3 9/18/59 Vanguard SLV 7 59 Ets 18A 2111 S
EXPLORER
Explorer 7/16/59 Juno H AM-186 S -1 2000 v
Explorer 6 8/7/59 Thor-Ahte-3 S2 17A 1005 S
Explorer 7 ‘ 10/13/59 Juno It AM-19A S 1a 5 3509 S
Enplorer 3/23/60 Juno 1} AM-19C S 46 268 620 u
Explorer 8 11/3/60 Juno It AM.19D S 30 268 4504 S
Explorer 2/24/61 Juno 11 AM.19F $-45 268 5109 u
Explorer 10 . J/25/61 Deita-4 P14 17A 407 S
Explorer 11 4/27/61 Juno H AM-19€ S 15 268 814 S
Explorer 5/24/61 Juno Il AM-19G S-4Ss 268 1253 3]
Explorer 12 8/15/61 Deita-6 s-3 17A B 81 S
Explorer 14 10/2/62 Deits-13 $ 3 178 4244 S
Explorer 15 10/27/62 DOelta- 14 S-3n 178 6146 S
Explorer 17 4/2/63 Delta- 17 S-6 17A 510 S
E xplorer 18 11/26/63 Del1a-21 IMP-A (5.74) 178 6900 S
Beacon-Explorer 3/19/64 Detta- 24 BE-A (S 66) 17A 125 U
Explorer 21 10/3/64 Delta 26 IMP-B {S-74a) 17A 131 S
E xplorer 26 12/21/64 Delts- 27 EPE D (S$-3c) 17A 2873 S
Explorer 28 5/29/65 Deita-31 IMP-C ({S8-74b) 178 1922 S
Explorer J1/Alouette 2 11/28/65 Thor-Agena-S 1DOME-A/Alou-B 25LC-2€ H
Explorer 32 5/25/66 Deilta-38 \AE B (5-6a) 178 238 S
Explorer I3 7/1/68 3Deita-39 , IMP-D 17A 3329 s
Explorer 34 5/24/67 IDeita-49 IMP.F 2sLC2E )
Explorer 35 7/19/67 Jpeita-50 IMP-E {funar} 178 1073 S
Explorer 38 7/4/68 3peita 57 RAE-A 251C-2€ S
Explorer 41 6/21/69 Deita-69 IMP.G 2sLC.2W S
Explorer 43 3/13/71  © 3Det1s-83 IMP.( 174 9135 [
Explorer 47 9/22/72 3De1ta-90 IMP.H i78 : 1361 s
Explorer 49 6/10/73 3Delta-95 RAE-B {lunar) 178 2314 S
Explorer 50 10/25/73 3Delta-97 iMP-J 178 3964 S
Explorer 51 12/15/73 3Delta-99 AE-C 2siC.2w s
Explorer 54 10/6/75 3Delta- 115 AE-D 5.c-2w S
Explorer 55 1119/75 3D¢l12-117 AE-E 178 2708 s
4)SEE 142 10/22/77 3Del1a-135 VISEE A&B 178 1133 s
4yE 1/26/78 3Delta-138 IVE 174 3990 s
4SEE 3 B/12/718 3Del1a- 144 1 ISEE-C 178 6366 s
Dynamic Explorer 8/3/81 3Deln-‘|55 ,0! ALC gSLC-ZW S
SME/UQSAT 10/6/81 Delts- 157 SME/UOSAT SLC-2W S
OS8O (Orbiting Solar Observatories) : .
0S0 1 3/7/62 Delta-8 0OSO-A {§-16} 17A 124 S
0SSO 2 . 2/3/65 Deita-28 0S0-82 (S-17} 178 304 . S
Qoso 8/25/65 Detta-33 0s0-C 178 466 V]
0Ss0 3 3/8/67 Deita- 46 0SO-E 17A 6936 s
0SS0 4 . 10/18/67 Delta 53 0S0-D 178 153 S
Qs0 5 1/22/69 Daelta-64 OSO-F . 178 ., 5960 - S
0S50 6/PAC 8/9/69 3pel1a-72 10S0-G/PAC 17A 4744 s
OSO /TETR 3 9/29/71 3Det1a2-85 10SO-H/TETR-D 17A 4817 s
QS0 8 6/2%/75 3peita-112 0S80 178 5300 s
OGO (Orbiting Geophysical Observatories)
0G0 9/4/64 Avlas-Agena- 10 0GO-A 12 4307 S
0G0 2 10/14/65 3Thor-Agena-4 0GOo-C 25.¢.2E P
0G0o3 . 6/6/66 Atlas-Agena-16 0G0 8 12 6423 S
OGO 4 7/28/67 3Thov-Ama-8 0GOo-0 25LC-2E s
0GOS 3/4/68 Atlas-Agena- 26 0GO-€ 13 3366 S
0G0 & 6/5/69 IThor-Agena-11 0GO-F 251.C-2€ S
OAO (Orbiting Astronomical Observatories)
OAQ 1 ! 4/8/66 Atlas-Agena-15 -CAQ-AY 12 0050 P
OAOQ 2 12/7/68 Atlas-Centaur-16 0AO.A2 368 1979 S
QAQ 11/30/70 Atlas-Centaur-21 0AOD 8 368 2969 u
OAO 3 |Copernicus) 8/21/72 Atlas-Centaur-22 OAO-C l6B 8508 S
HEAO (High Energy Astronomy Observatories)
HEAOQ ¥ 8/42/27 Atlas-Centaur-45 HEAO-A 368 3133 [3
HEAO 2 (Einstain) 11/13/78 Atlas-Centaur-52 HEAO B 368 4444 [3
HEAOQ 3 9/20/79 Atlas-Centaur-53 HEAO-C 368 8310 S
SCATHA (Spacecraft Charging At High Altitudes)
4SCATHA 1/30/79 Delra- 148 SCATHA 178 7802 s
SMM (Solar Maximum Mission)
SMM 2/14/80 Deha 151 SMM 17A 5999 s
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Space Science, Physics and Astronomy (Continued)

GALAXY
4Gaiany | 6/28/83 IDelts- 170
4Galaxy 11 9/22/83 3Delta- 173
Galany 1l 9/21/04 Dslts-178
MARISAT (U.S. Maritime Communications Satellites)
pprisat 1 2/19/76 30ea- 120
AMarisat 2 6/9/76 3Delta-124
4Marisat 3 10/14/76 IDelta- 127
FLTSATCOM (U.S. Fleet Satellite Communications Spacecraft)
AELTSATCOM 1 2978 Atlas-Contaur 44
46| TSATCOM 2 5/4/79 Atlas-Contaur 47
4ELTSATCOM 3 1/17/80 Atiss-Contaur-48
4ELTSATCOM 4 10/30/80 Atias-Contaur57
AELTSATCOM S 8/6/81 Atlas-Contour 59
4p TSATCOM 7 12/4/88 Atlas-Contaur-88
COMSTAR {(U.S. Domestic Communications Satellites)
omstar O-1 8/13/76 Attas-Centaur-38
4Comstar D-2 7122776 Adlas-Centaur-40
:Comsu' D3 6/29/78 Atlas-Centaur-41
Comstar D-4 2/21/81 Atlas-Centaur-42
SKYNET (British Communications Satellites}
4skynet 1 11/21/69 3Del1a-74
Askyner 2 8/19/70 3Deita 80
dskynet 1/18/74 J0eita- 100
dgkynet 3 11/22/74 3Detta-105
TELESAT {Canadian Domestic Communications Satellites)
ATqlesat 1 (Anik 1] 11/9/72 3Deita-92
4Telasat 2 {Anik 2] 4/20/73 3Deits-94
4Tqlesst 3 (Anik 3} 5/7/7% 3peite- 110
4Tqlesat 4 [Anik B} 12/18/78 3Delits-147
4Toleeat 6 (Anik D-1) 8/26/82 30eite- 164
See Note 7 ) :
NATOSAT (North Atiantic Treaty Organizati
ANATOSAT 1 3/20/70 3paita-77
4NATOSAT 2 212/71 3Del1a-82
ANATO IHA 4/22176 Ipeita- 122
ANATO 1B V2277 3petta-128
4NATO HIC 11/18/78 30elta- 146
4NATO 1D 11/13/84 3Deits-177
PALAPA (indonesian Domestic Communications Satellites)
4paiaps 1 1/8176 3Deite-125
4psispe 2 3/10/77 3peite-129
See Note 7
SBS-A (Satellite Business Systems)
458s-1 11/15/80 3Delts-153
4s8S-2 9/24/81 3Dsita- 156
See Note 7
INSAT
4imat- 1A 4/10/82 3Deits-161
TELSTAR
Sroistar 3A 7/28/83 3peite171
See Note 7
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6.4

NASA LAUNCH/FLIGHT/CONFIGURATION STATISTICS

U. S. Launch Vehicles

DIMENSIONS PERFORNMANCE
PROPULSION & WEIOHT Payload (b.)
Vehicle , - N“-:: or %r: Launch
Contracior User |Stage Stage or Thrust Longth| weight
Vehicle Name Agency l No. Engines Contractor | Designation (m m.) my )P} m) Orbitai | Escape
BASIC VEHICLES
Martin Marleta
Tann M0 Trenstage USAF 4 2 x 120 UA 1205 (skwp-on} uTC - 246288000 1 102 | 904 1,514,600 | 4,200 -
1 2 x Asrcjet LR-BT-AN11 Martn Manetta | — NAOo/NyH-UDMH 528,000 100 [ 786
2 1 5 Agropel LR-91-A11 Martn Manetts | — NeOy/NyH,UDMH 401,000 100 [ 370
3 2 x Aercyel AJ10-128 Marin Marieta | Transtage NeOy/NHAOMH 16,000 100 | 147
Taan MD USAF [ 2 % 120-n. UA1205 (strap-on} viIc i - 246,208, 102 {904 1,482,200] 27.800* -
No Upper Slage 1 2 x Asrojet LR-8T-AJ- 11 Martn Merista | — NgPo/NpH, UDMH 529,000 100 | 786
2 1 x Arot LR-81-AL11 Martn Marets | — wﬁmm 101,000 100 |313
ST bl R | oty vt M Mt | = NONHooW | imoonml 100 |Ba | | |~
No 1x - 3 o) i
T3 2';.. : §' m‘m oA ﬁ&a Mariera | — mu.bwwn 529000 o |78 |" neo |-
3 -— A . 1
2 1 x Asrot LR-91-AJ- 11 Maren Maretla | — NOyNHADMH 101,000 00 | N3
Taan 4 0 2x 120 n UA1207 utc - Soid J18.400,000* | 102 | 1128 | 1910448} 10,000 -
Contar G Prime USAF ) x pot LRB7-AJ-1Y Martn Marieta | — NeO/NyH e UOMH ,000 100 [ 865 -
2 1 LR91-A1Y Martn Maristia | — NyQOu/NeHAUDMH 104,000 100 | 326 -
3 2x PAW ALIDAIA3 GO Spece Sy3- -
ors - LOX/LHy 000 142 .3 -
Than 4 LS USAF 0 23120 in DAL 07 ) ure - 219400000¢ | 102 | 1129 | 1985525] 5300 -
1 2x ot LRBT-AJ11 Martn Maneta | — NyOu /N LJDMH 100 | 865 -
2 1 x Asroyet LR-91-AJ-14 Martn Maretta | — NyOu/NpH-UOMH 104,000 100 328 -—
3 1 x UTC suid rocket motor-1 Boeirg - Sokd 44,100 05 | 164 -
1 x UTC sobd rocket molor-2 - Sobd 16,000 -
GD/Space Sywtoms
Atas G, Contasr NASA " 2 x Rockewdyns YLR-89-NA7 GOD/Corvair MAS LOX/AP-1 377500 100 | 140.5'/| 300,000/ | 5200/ 3500
D 1A/A%s H 1 1 x Rocketdyne YLR-105-NAT GD/Corwas - LOX/RP-{ 80,000 - 104.7% | 203,000 | 3.000@
WcDonned Dougles
Delte 2944/ 1 1x McD/Dougles | ELT Thar LOX/RJ-Y 205,000 [} T34 420,500/ | 20658/ 1590/
Dota 24 ; ?llTT'!WTﬁi’!hliz Asrojet AJ10-118K MchDuw Deita ‘ mmuuu Wso%,nm :2 %g 20 n
x 4
3 1 2 Theoko! TE 3644 McD/Oougies | — Sold 15,000 2 |6L
Delta 3910/PAM-DI 1 1x W RS-27 /Dougiss | ELT Ther LOX/APY 8 734 422,100/ | 24508/ 1,740/
Deita 3820/PAM-DF! 1 9 x Theokol 2 /Dougias | Castor 4 Sokd 767,0002 3 | %6 A2322 | 280 2,000
2 1 x TRW TR201/1 x Aerciet AJ10-118K | McD/Douglas | Detta NyDyMNHLUOWH $,250/10000 [ 8 183
3 1 x Thiokol Star 48 /Douglas | PAM-D Sold 15,000 4 72
Deits 5520 (has 18t wo
only) USAF 1 1 RS-Z7 McO/Dougles | Exva ELT Thar | LOX/RPY 207,000 8 854 482500 | 32008 -
bbb PR s Kot ﬁ‘mﬂ “ &W owo.  {o° |%3
1x y 1
Do 7520 ras 1 3 1 x Thiokol Star 408 McO/Dougias | PAM-D Sold 15,000 4 72
% WO
only} USAF 1 1 x Rockstdyne RS-27 McD/Dougies | Exrs ELT Thor | LOX/APY 201,000 8 [ 3] 480000 | 37208 -
7925 O slages} 1 © x Horcules GEM WcD/Dougles | Gr-Ep Motor Soiid 51,000 33 [
GEM)
2 1 x Asrojel AJ10-118K McD/Dougles NeOy/NgH - UDNH 10000 [ ] 183
3 1 x Thuokol Star 488 McD/Douglas | PAM-D Sold 15,000 4 12
Yought
Soot SLV-1A NASA ) 1xUTC N&!' LTV Agol 3A Soiid 107,000 a7 ™ 47200 | 400% s
USAF 2 1 1 Thiokol 2 LV Casux 2A Sold 61,500 - -—
3 1 x Thichol Antares 3 LTV Antares A Soid 2,000 - -
4 1 x Thioko! Aair 3 LTV Aar 3 Solid 5,700 - -
UPPER STAGES
GD/Space Systems
Contaus D-IA/D1TY NASA Vanes | 2 x PAW RL10A-D-3A GD/Corwair Cortax LOX/LHg 33,000 100 | %0 35,000 m‘ m
Martin Morietts
Trarwage |uw lvc-lz-wmma Jmmltm meww [u.ouo Jao Jmo lnm |mn- lam
Feirchild/Spece
Stage Vehicle S. USAF 2 2 x Thicko! TE-M-384-4 Farchiki/Spece | SGS Bl.1 Sold 15.5@7 — 4" 103 §520 -
Ortst ingarion Sys. USAF 1 1 x Thiokol TE-M-818 Farchi [+ 3 Solic 6,000 448 |58 1200 - -
icDonnell Dougias
g Vehicle Sys. (SGS)| USAF 12 2 x Thokol Sty 48 McO/Dougles | 5GS-2 Solid 15,000 40 130 11,700 1,800 -
PAM-A NASA 1 1 x Thiokal McD/Douglas | PAM-A Soid B.200 50 |75 12,760 | 4,400 2530
STS/PAMD Varms Veriss | 1 x Thiokol Ster-48 WcD/Dougias | PAM-D Sold 15,000 40 |65 7.800 2.750m 1830
STS/PAM-DH Vorm 1 1 x Thioko! PAM-DR McD/Douples | PAM-ODI Sold 17800 83 165 12270 | 4000 2300
Boeing
us UBAF, 12 SRM-1 Boeng 5RAM-t Sold 44,100 5 104 azm 5,000-8,000 ;%I-
NASA SAM-2 - S5RAM.-2 Sold 18,800
Orbitel Sclences
YM*;? Stge Vorss Vorime | SAM-1 Ontal Sciences! 706 Sold 44,100 [ 3] 107 2010 | 13.400% 7500
o Venss Vo RS-5¢ Ovtstal Scances! AMS NgOy/MMH 2,650 120 | 84 11200 §.600%
AMS Vares Vanes | SAM.1, RS-81 Ortwiai Sosnces] TOS/AMS “i:g,m ;;,gouo 120 | 157 | 35300 |es00 10,100
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R ]

Spacecrstt Neme ] Contractos /User Weighi (Ib) ] Launch Vehicle T . Remarks and Purposs/First Launch
NASA
Spece Stute 4.18 miloon iota! Muit-t0le reusable spece sysiem/4-1
Orbter Rockwel inferma 150,000 Mm.usooonmmmmm -Svust hquid-hest engines
Man sngne Rod\nlhmwuwch 1,000 Expendable tank lor main engines 66,000
Extornal tank Maren Manetta/Marshat S F.C 1.88 million
Sold booster Mmmhs-%l\gm.usal 1.28 milion Two reusable 3.1 milkon-b. -hvust boosters.
Ortvial Maneuvering Vehicle mw‘rw”di FC 17,000 (fusied) Spece Stume E:?;m Mﬁ&rg
. L [}
Voysger 1,2 »L 1742 I‘w(“ml ‘sng 70' Jupiter (79), (eo-m um (85}, Neptune {89)/8-20.77,
Landsat 4, D-prme GE/Godderd SF.C. 4,400 Deta Earth resources ssiole /7-16-82
NOAABS 10 M LIKLM RACA/Goddard S F.C./NOAA, Ford 3.200/3,800 Atas E Polar Metsats/ 670, 1284, . 1287, 383, 680, §-91
GOES4,5.6,G,K,1.J. K Ford hu?umm 1.841/12,340 Detta Shunttie {1, J, K) Geostabonary weather saiefite. §-80, 581, 483,287, TBD.
Godderd SF.C./ 28910.4,K)
Space Shuttie Jupner ortrier and nvy wbali
Hubbie Space Telescope NASA-Marshall, ESA/NASA-G 25,500 Space Shutte 2.4-meter optcal instrurment ummmuwmm
Explorer 2 ACA/Godderd S F.C. 15 Deta ¢ olec. foroes mo,/m1
TRW/Godderd S F. 35,000 Space Srutte Map gamima ray s0urces’ 1990.
TORSSC.D. € SPACECOM, TRW, Godderd SF.C. 4,700 Space Snutue/IUS Tracking and data-relay satelivie/2.88; 9-88; 1991
ESA/UPL 814 Space Stutie Fly oul-0f-sliptc above sola poles/ 1950,
Solar Mesophers Explorer Ball Asrospece/JPL [¢] Dela Solar efects on atmos. ozone/ 10-6-81.
Martn Ar Force Dela Study busidup elec. chvgs. 8t HEQ/1-30-79.
AMPTE-CCE, IRM, XS CCE-APL, Gorkiard SF.C., IRM 220/800/45 Kg Detia Actve Magneiosphene Pasticle Tracer -
Coop w/W. Germary W UKS-G. Britain wwmmmw
BaX Asrospsce/Goddard S.F.C. 5,000 Space Shutte Earth Rachaton Budget Setedine/ 10-5-84
CRRES-Combined A Bal A \ 4000 Atas Contaur Frst 60 days. NASA chemical rel. in GEO. then AF. radiation mapping/eflects/ 1990,
#&M Salamr g:,C./Ar Euu( . 15000 mu;l m(rus ession. /nlo‘-gs
terinis Process Fec ASrospace (comemarciel) Space Comm1mat process. exp.
COBE: NASA/Godderd S.F.C. LY Oeta gmwzgumwhmmmmm
MISEu:M [ ] Shutte/Conestogs Earth resourves, 3-axis apin stabiized/ 1986,
UARS-Upper Avmosphere GE/Godderd SF. 15,000 Space Shutte MMW mesosphere and lower
RCA/NASA 4,200 {appron ) Space Shutte Ka-band- Schecuied kr 1960
iatons Technology Sateive
Martin Marieta/ JPL - mmnus Verus radar mapper. April 1088,
Mars Ooserver ACA/PL - /TOS Mars Ortiter. Sept. 1992.
Commercial
Westar 1,2, 3/4,5,6,65 Hughes/Westemn Union 050/1200 Detta’Shutie T;o 12-rans. and four 24 vars. sats./4-13-74; 10-10-74; 8-9-79/2-25-82 6-10-82. 8 recov.
Marisat 1,2,3 Hughes 700 Oeita Navy/Coren'| shipping /last 10/76.
ww" 2o mmrsiw Comp. 28 P o CXuband 2580 17880 1088
G STAR RCA/GTE Sateline Co. 2557 Arang 3 KUMSNS 3/86, 1908
$B51,23.45 Hughes 1,200 Deita/Srustie/Ariane 3 O-channel digtal data relay, 6 spare TWTs/11-15-80; §-24-81; 1111&W
Tolstar 31,2,3 Hughes 1483 Defta/Shuttie Zt-m 6/4 GHz satelites op. by AT § 7/75-83, 9444, 685
Galary 1,2.3 Hughes 1222 Dens comm. sats; 24 frars. 6/4 &G-lddhlﬁw 9-27&”4
American Seleine Co. RCA/American Set Co. 2800 Spece Shuttle C. Kubend 8/27/85; 1990,
RCA Americom Ky-band ACA/RCA Amencom 4245 Space Shutte Ku-nlmlnlze/as 1/86, 1990,
STC/DBS RCA/Sat T.V. Corp. 2,750 (appwonc) Shutte/ Arige Launch sched undetermined.
08SC Ford Aerospace 3,500 Ariere/Shuttie Drect broadcast T.V./Nad-B8.
Fordss! Ford Asrospace 2450 Arane/Shuttie Foed service ¢/Ku-band. /Md-88.
Eosat 1,2 RCA/Hughes - -— Earth observation/scheckied 1908
Military o
0SCS-2 TRW/Delerse Dept. 1,195 Tien 34/ Trarstage Synch. mw‘mwmmmmmmmmm
DSCs-3 GE/Delense Dept. 15947 Titan 34D/7 Trres-ass
) Space Shuttle 4 mzmm:mm wrmunm sateie/10-30-82.
FestSatCom 1234878 TRW /Navy/As Foroa 2,100 27300 Alias/Contaus Comm ships. shore-to-ship, ship-to-eraratt snd SIOP forces. Casmies USAF
aommw Svm-m(AFSATm-E 987, No. 5 demeged n ordit. 5-4-78, 1-17-80; 10-30-
Setslite Data Symem Hughes/Ax Foros - - MWF - brmer- icstons between Satelite Cortrol
Broad Coverage Photo Recon Lockhewd/Alr Force 25,000 (est) - z‘m::mmmumummmmxmm
KH-11 Srmtegic Recon USAF/CA-—- 25,000 {est) - Mm’n mmmw 4 recon selele; 275 x 185-mi orbit ot 97 deg /12
[
WWMW USAF - - yﬂmhmwmwxﬁmwlﬁlq
Ocsen Ney - - Aaas F 31176, 3':.0'0“
“%,wonﬁwm TRW/AsroievAx Force 2,000 - Yomunmdmmmnmnmmm
Newy va?tm Selelite ACA/Nevy n Soot Sltsmes n 600-mi. polar orbits/ 1970, 1973
System (Treneit} R . St opersbone
&Msvm &MIMM ’ 187 1) Atas E/F Srutue (1968 Dvn%plwi M/s‘“m' mu;m 1240 -uz::rmuw
D n
. 2,000 2 MLA!HO) ) 2-22-78. Las! lsunch on expendabie vehucie 10-8-85 shuttie lsunch in 1988
Meteorologicel KAIDO!M Dept. ::3} gg E Prowde global meterologicsl inlo./Biock 5D-2,12-19-82/8iock 5D-3 TBD.
? T 3775 (Biock 0-3) T s suv LV-2F, AtasE Atas E Tian 2 5LV
Nfoss —/Navy - Taan 2 5LV Oc suriace i No dete.
Fervet (Code 711) Lockheed7Sandens/Ar Force 500 {est) Thor/Agens memmouwum
Capper Bow - Space Shutile Ocesn survesiance ssl. with actve rader.
Loassi /Nevy 2500 Spece Shumie Follow-on 10 FisetSatCom 8-31-84
$00S-Stacked Oucars on Scout |  RCA/Navy - Scout Navgavon-dus! launches 8/85, 9/87.
Fley Mirror Expenment ummw 2,300 Dehts Relay Meror Technology 8788
m-wnmwmummm mwm”;m Sat. Nsnou-«. ; Oet‘n::c Administ, S|
L 3 and aton
Inst of Space & Aswoneuecsl Scence 'v?ﬁ % n mmcw o
Py e B oS ~ i,
%ss—t_‘m Netonal Certer LEO—low earth ordt, vam
‘rench Nehonal Cll.' SM M MBB—Mesaerschrrnt-Bosi ow-Blohm, w rance)
Cosmos—Consorium of ECTA, GEC Marcon, SAT, Selenia, Aeroepa: MCi~Mstushita Communcatons industnes, STAR—T . SEP, Dorresr, CGE, FIAR ‘W Laben,Fokher-
Sole, MOAC—McDonnef Douglas Astronsuscs Co : VFW, Sener, Encaeon, Contaves,
Ruosrche Asrospanslo. Mslco—bistautuely Electre Co . rons —¥,
ESC—Ewopeen Communcaions Setelite, MESH--Mata, EANO, Sasb, HSD, Aentsha, UKS—Urvted Kingdom Sateie,
GE—~Genesy Elecinc, MH—Ntautnels Heavy industries, USBI—Urvied Space Boosters, inc
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6.5 STS PROGRAM STATISTICS
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6.5.1 FACTORS WHICH AFFECT STS LAUNCH RATE

FACTORS WHICH AFFECT LAUNCH
RATE INCLUDE:

' ® GROUND TURNAROUND TI.ME ® WEATHER EFFECTS
® GROUNDPROCESSING ANOMALIES ® NON-KSC LANDINGS
{SERIAL HITS)
® VAFB/KSC ORBITER TRANSFERS
® MISSION DURATION )
_ ® MAJOR FLIGHT OR GROUND
® GROUNDPROCESSING MANPOWER HARDWARE/SOFTWARE PROBLEMS
AND SHIFTING
® LOGISTICS — SPARES AVAILABILITY
® ORBITER MODIFICATIONS
ORBITER FLEET SIZE
® ORBITER “OUT OF SERVICE” TIME
T FACILITIES AVAILABILITY
LAUNCH WINDOWS
weat R, STECK
KSC THREE ORBITER FLEET onc, OM
SHUTTLE \ ATE:
OPERATIONS KSC LAUNCH RATE CAPABILITY STUDY eatee /86

000000

00000000

HISSION P;
TAIL CONE

N-F
REAL TIME

[-X-X-X-Y-X-N-R-N-0-

ST ambanp TFE"

0 Non-StanDARD ProcesSING DRIVERS

SHUTTLE PROCESSING TIME IRIVERS

0 StanparD CRITICAL PaTH PrOCESSING DRIVERS

gng ReQUIREMENTS (OMRSD)
DECONF IGURAT1ON/ RECONF IGURATION REQUIREMENTS
PL/EXPERIMENT OFFLOAD REQUIREMENTS
B CLEANLINESS REQUIREMENTS
TENANCE REOUIREMENTS
TILE TASKS

EFERRED WORK REQUIREMENTS |

IME/CYCLE MAINTENANCE REQUIREMENTS

N-FLIGHT ANOMALY RESOLUTION REQUIREMENTS

N-PROCESSING ANOMALY RESOLUTION REQUIREMENTS

TRUCTURAL INSPECTION REQUIREMENTS AND RESULTANT FlNDINGS RESOLUTION

%RBITER Mop REQUIREMENTS

RFORMANCE R/R REOUIREMENTS
FERRY KIT INSTL,/REMOVAL REQUIREMENTS

0 OrvHer ProcessING DRIVERS

DAILY

?#UTI N 9ND OUTAGES

PARES AVAILABILITY/CANNIEALIZATION REQUIREMENTS
LEgTﬂ'CAL CONNECTOR RETEST REQUIREMENTS
oW CHANuE
BD) wORK REOUIREMENTS
AMOMALY CORRECTIVE ACTION RETEST REQUIREMENTS
AFETY RECUIREMENTS/CONSTRAINTS
ACILITY ANOMALY RES
EATHER CONSTRAINTS
ATE PAYLOAD INSTALLATION nsounnznsurs
LATE PAYLOAD BAY ACCESS REQUIREMINTS
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6.5.2 OPERATIONS COST & MANPOWER DATA

LIFE CYCLE COST BASIS

"The estimated full costs are particularly sensitive to
the nurber of flights, because fixed costs, either
operational or capital, must be spread over a smaller
base if flights are less than 24 per year estimated by
NASA. In table 3 of my full testimony, there is an
indication of the sensitivity of the estimates. For
example, if there are only 12 flights instead of 24 in
1989, the average full cost increases to $258 million."

SOURCE: Eric Hanushek, Deputy Director, Congressional Budget Office.
{Congressional hearings before the Subcammittee on Science,
Technology, and Space — Fiscal 1986)

FY 1985 COMGRESSTONAL BUDGET
COST PER (FLIGHT OPCRATIONS COSTS
. (RY § [N MILLIONS)

VAL.S
!ﬂn'au rvaslns' Fyer fves FY8s Fre fr9 Fr9z Frel FY N

ank Yfk BRATS.
1 342 397.9 4se.2. 5397 652.3 658.2 609.1 673.8 6643 e8L.5 66l.S 475.4

(1) ' 283.6 300.0 415.8 4635 482.2 532.4 549.8 5868 602.7 5919 4941 2735

LAUNCH OPERATIONS 326.5 0.1 7.5 369.7 188.7 1.5 425 oLl 459.5 470.7 4919 5140

PROPELLANTS 199 200 2.3 323 40.0 3.5 3.6 B1 %7 I &1 49
6sE 2.0 2.4 201 2.7 268 200 295 0.8 22 N6 (81 87
FLIGHT OPERATIONS 2506 3158 45.3 4053 405.4 4197 M. dse.l 476.9 099.5  522.8 541.2
ORBITER HARDWARE 120.8  160.0 162.6 2009 205.6 230.0 232.4 229 2538 25.2 277.1 9.6
CREW EQUIPMERT 2008 208 363 4.5 5.8 59.5 605 6.2 el 6.0 21 754
S 150 8.0 SIL6 59 66 656 0.2 N9 e 28 100 6l
CONTRACT ADMIN, e 133 11 208 2.6 222 27 n1 ws x9 2l 83
SUBTOTAL.SWUTTLE 0PS 1422.8  1641.0 1094.8 2188.3 2353.0 2444.1 2520.8 7617.4 2681.6 2704.4 2631.8 2268.1
RETWORK SUPPORT ‘6.6 100 204 0.8 4.6 486 527 555 5.8 0.4 628 658
UM 2.7 2580 2142 265.0 292.7 015 320.8 35 3NN 2661 3826 399.8

TOTAL COST PER ALT  1675.1 1910.0 2189.4 25049 2638.3 2800.2 2898.3 3008.2 3089.0 3130.9 077.2 373.\1'

1916.9 2243.9 25)8.6 1668.0 2732.3  2779.0 2968.9 1048.3 3145.1 3175.1 3000.4
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Figure 6.1.5-1. Effect of Discounting on the Value of a Dollar for

5% and 10% Discount Rates Over a 30 Year Period
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KSC MANPOWER

FISCAL YEAR
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6.5.4 STS 160-HOUR TURNAROUND vs. 51-L ACTUALS
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6.5.4 STS 160-HR. TURNAROUND VS. 51-L ACTUALS

This is a comparison between the 160 Hr Turnaround and the actual
processing schedule for the 51-L Mission. This includes both the
timelines and functon for the processing of the Orbiter £from
Roll-in in the OPF to launch.

Level I directed that the Shuttle be designed so that it could be
launched with 160 working hours after the landing mission. This
would be on a two shift workday, five days a week. Level II then
divided this time into time to be spent in the OPF, VAB and at
the pad. All designs were to support these requirements but due
to both money and weight constraints, design compromises were
made that 1lengthened the operational timelines considerable.
Attached is the original Level II schedule with the time allotted
to perform each task.

The following sheets give each task with the actual operations
required; by the ORMSD and equipment failure, repair and retest;
to process b51-L. The hours are the schedule hours required to
perform each of the operations. Where possible the tasks were
accomplished in parallel so that the total time does not
correlate direcdtly with the original timelines. Also the tasks
have been divided and intermixed during the processing.

TURNAROUND TIME (HRS)
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

T T T
Ah LANDING AREATOW TO OPF (1) l

o| B | SAFNG AND DESERVICING (8)

c B PAYLOAD REMOVAL PREPS (5} '
PAYLOAD REMOVAL/MISSION; UNIOUE PAYLOAD ACCOMMODATION g
L # EQUIPMENT; REMOVAL AND RECONFIGURATION (27) g
1 } t i 1 g

E # ORBITER SCHEDLLED MAINTENANCE 24) E

# SSME SCHEDULE MAINTENANCE (24) E g

[
G M UNSCHEDULED MAINTENANCE § SYSTEM REVERFICATION (50)
W PR TPS AEFURBISHMENT («0)
I H ORBITER INTEGRATED TEST (12)
J d PRE;S FOR MA"rm {10}
'y >
K TOW ORBITER TO VAB
L Bl (TRANSFER ASLE) ORBITER PREMATE OPS  (5) ; §
M ORBITER MATE AND INTERFACE VERIFICATION (15) _ g g
N SHUTTLE INTEGRATED OPS (19) “ d
° | { wveoeon |jm
P MLP MATE TO PAD & LAUNCH PAD VALIDATION (3 Il
0 PAYLOAD INSTALLATION IN PCR (13} H
R FUEL CELL GSE DEWAR LOADING (10)
- ' POWER ON 4 g
)

5 SHUTTLE LAUNCH READINESS VERIFICATION (8.5) - g
T PAYLOAD INST & LAUNCH READINESS v:mm'réu ©.0) _
v EABNCLO?W OPS oo N
v HAZARDOUS SERVICING/SERWCE DISCONNECTS (8.8) _
¥| TOTAL PROCESSING TIME: 300 HRS (SERIES AND PARALLEL) WALNCH FROMSTANDSY 200 I
- [ S T TR T T | Juerorr  §

160-HR. TIMELINE ALLOCATION
(PAYLOAD INSTALLATION AT PAD)
Figure 2
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6.5.4 STS 160-HR. TURNAROUND VS. 51-L ACTUALS

SUMMARY

The following summarized the results of this timeline analysis.
They are:

1. A comparison of the allocated 160-hour timelines (in 24
categories) of the actual time required to complete all the
tasks 1included under each of these categories for the 51-L
flow (preceding list).

2. A chart showing the time allotted in the 160-hour Turnaround
Ground Operations Plan broken down into serial and parallel
operations. (Figure 3)

3. The 51-L As-Run Schedule with tasks included wunder the
different categories of the 160-hour turnaround broken down
into serial and parallel operations. (Figure 4)

4. A comparison of the 160-hour timelines wvs. the 51-L
operations, per 160-hour categories, showing both serial and
parallel operations. (Figure 5)

The analyses summarized on Figures 3 through 5 served to
highlight the operations timeline growth by procedural / hardware
areas. This enabled selection of high potential savings areas
aby OMI.

KEYS A. LNODE AA M. ORSTTER MTT & 1Y VERIT. | NARS
4+ ESDWICDE ¥. SUTTE LY TST
C. PAIOAD FOOVAL PAEPS 0. YN TO PAD 160 MR TURROUD
D. KLESTON UNIOE P/L P, M2 WIT O MD ¢ PO
AN DT ROM./DETL WD, DUAL RS g
£. GROITIR SCEDIZD MDY, | 0. PANOAD DOT. IN FCR
¥. PROPULSION SYIDM SOED. | N. AR CILL DDAR LOADDG Lz s [
DT, 3. BUTTLE LANCH FEADDESS
G. UKIOED. MADIT.4 SYITDU VRIF
RS, T. /L DET. & LAY
N. TPS RETVRBLEMENT FIODESS
1. GRITIR DAESATED ST VEXIFICATION
J. PREPS FOR AT V. ORI CLOSEUT
¥. TON CRAITER OT0 VB V. HNCOS STVICL/EAVICE
1. TMIGFDA ALRLEZ CREITIR BIXINETT
PRI FTAATIONS . LAMGE FIO4 STNESY KD

SCHEDULE HOURS .
e . s & v vugsss  FrEYE 0t vy dili

160-HOUR TURNAROUND TIMELINE ALLOCATIONS
Figure 3
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6.5.4 STS 160-HR. TURNAROUND VS. 51~L ACTUALS

A. LANDING AREA 1.0 HR.
WAD - " TITLE HRS
V5001 SLF OPS/TOW TO OPF* o 10.5

——————

10.5 hours total

* Previous mission landed at dfrf and was ferried to KSC on the

SCA.

B. SAFING AND DESERVICING 8.0 HRS.

WAD TITLE

v5001 TOW ORB INTO OPF/JACK & LEVEL/POWER UP PREPS
V1184 SAFING PATCHES/LOAD MMU

V1091 PRSD CRYO VENT

v1158 OMS TRICKLE PURGE & OMS/RCS DESERVICING
v5012 NOSE LANDING GEAR THRUSTER REMOVAL

V5012 PYRO WIRE HARNESS R&R RESISTANCE CHECK

v1078 APU LUBE OIL DESERVICING

N/A MPS/SSME PROCESSING (ENGINE DRYING)

v1018 WATER SPRAY BOILER DESERVICING

VII96 APU POST FLIGHT FUEL SYSTEM OPS

TOTAL

C. PAYLOAD REMOVAL PREPS. 5.0 HRS.

WAD TITLE

v3512 INSTALL PAYLOAD ACCESS
v5006 PAYLOAD STRONGBACK INST/OPEN PAYLOAD BAY DOORS

TOTAL

D. MISSION UNIQUE PAYLOAD ACCOMMODATION EQUIPMENT
REMOVAL/INST. 27.0 HRS.

WAD TITLE

N/A AFT FLIGHT DECK/PAYLOAD BAY DECONFIG/RECONFIG.
V1175 RMS TURNAROUND VERIF.

V5R03 PRSD H2,/02 TANK SET 4 REMOVAL

N/A PCP/CIU INSTALLATION

N0533 PCP/CIU CHECKOUT

TOTAL

.79

HRS



6.5.4 STS 160-HR. TURNAROUND VS. 51-L ACTUALS

E. ORBITER SCHEDULED MAINTENANCE 24.0 HRS.
WAD TITLE

v6002 ORBITER POST FLIGHT INSPECTION

v1026 REMOVE WASH & WASTE FUNCTIONAL

V5017 DESTOW FCE

v1084 CAUTION & WARNING SYS VERIFICATION

v5056 REMOVE GAS SAMPLE BOTTLES

v1134 WATER DRAIN (HORIZONTAL POSITION)

v1i007 PV&D VENT FILTER/INSTL.

V1076 WCCS FUNCTIONAL CHECKS

V1062 AIR DATA SYSTEM

vi008 MSBLS TESTING

v1200 RECORDER DUMP

V6005 STARTRACKER CLEAN/INSPECT

V6018 CABIN AIR/RECIRCULATE MAINTENANCE

v6012 HYD INSPECTION

V1217 ECLSS ARPCS FUNCTIONAL TEST

v1178 KU BAND TURNAROUND C/O

v1i184 LOAD MMU

v1005 VTR C/0

v1086 MEC PIC TEST

V5069 TRANSFER TO AFT 999 JACKS

vi016 VENT DOOR FUNCTIONAL »

v1i097 ET DOOR FUNCTIONAL/LATCH FOR FLIGHT

V5069 TRANSFER TO AFT 570 JACKS

v1026 REMOVE WASTE COLLECTION SYSTEM & WASTE FLUSH
v1153 APU WATER SERVICING

v1099 STARTRACKER DOOR FUNCTIONAL

v1042 SMOKE DETECTION & FIRE SUPPERSSION FUNCTIONAL
v5010 INSTALL B/C/ELBOW CCTV

v1003 POWER SYSTEM VALIDATION

v1180 FRCS FUNCTIONAL C/0 (LPS)

v1080 MULT CRT DISP SYS C/0 (LPS)

v1098 LANDING GEAR FUNCTIONAL

v6034 CREW MODULE SEAT FUNCTIONAL

v1005 CCTV SYSTEM TEST

v1183 ORBITER ELECTRICAL SYSTEM VALIDATION (LPS)
v1078 APU LUBE OIL SERVICING

v1i041 N2 SERVICING

v9023 CLOSE/OPEN PAYLOAD BAY DOORS

v1180 AFT OMS/RCS FUNCTIONAL

v1037 NH3 SYSTEM SERVICING

v1055 POTABLE WATER SERVICING

V1017 WATER SPRAY BOILER SYSTEM LEAK & FUNCTIONAL
v9002 BRAKE FILL & BLEED

v1048 NOSE WHEEL STEERING

v1065 BRAKE/ANTI-SKID CONTROL SYSTEM TEST (LPS)
v1060 AEROSURFACE CHECKOUT

v6034 GALLEY FUNCTIONAL

v5050 FLIGHT CREW EQUIPMENT STOWAGE/CEIT/DESTOWAGE
TPS FLIGHT CREW EQUIPMENT INFLIGHT MAINT. WALKDOWN
v9001 STOW KU BAND ANTENNA

v1131 HYDRAULIC ACCUMULATOR CHECKS

v1161 ORBITER BUSS REDUNDANCY

TOTAL
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6.5.4 STS 160-HR. TURNAROUND VS. 51-L ACTUALS

F. PROPULSION SYSTEM SCHEDULED MAINTENANCE 24.0 HRS.

WAD TITLE i HRS
V9002 HYDRAULIC POWER UP PREPS & POSITION SSME’S 49.0
v5043 REMOVE HEAT SHIELDS 20.0
v1009 MPS LEAK & FUNCTIONAL 176.0
V1011l SSME LEAK & FUNCTIONAL 176.0
v5058 REMOVE SSME #2 : 5.5
TPS NOZZLE WELD INSPECTION (VAB) * 240.0
VS5E06 SSME #1 HIGH PRESSURE FUEL TURBOPUMP R&R 37.0
VSE06 SSME #2 HIGH PRESSURE FUEL TURBOPUMP R&R (VAB) * 40.0
V5E29 SSME #2 GIMBAL BOLT R&R o * 32.0
V5057 DISCONNECT SSME TVC'S/INSTALL STIFF ARMS 4.0
v5005 INSTALL SSME #2 20.0
V1063 SSME TVC FLIGHT CONTROLS 3.0
v101ll SSME FLIGHT READINESS TEST 13.0
V1001 SSME ELECTRICAL INTERFACE VERIFICATION 8.0
V9019 MPS VJ LINES CHECK 4.0
V5057 REMOVE STIFF ARMS/CONNECT SSME TVC'’S 8.0
V5043 HEAT SHIELD INSTALLATION 57.5

TOTAL 893.0

* These operations were accomplished in the engine shop in the VAB.

G. UNSCHEDULED MAINTENANCE & SYSTEM REVERIFICATION 50.0 HRS.
WAD TITLE HRS
N5230 ORBITER POST FLIGHT TROUBLESHOOTING 64.0
v1053 REMOVE CABIN SENSOR : 8.0
V7253 WINDOW POLISHING 112.0
N/A ORBITER POST FLIGHT TROUBLESHOOTING 32.0
IPR TANK #1 H2 CRYO CONTROL HEATER TROUBLESHOOTING 48.0
V5R01 FUEL CELL #l1 REMOVAL 64.0
IPR MSBLS TROUBLESHOOTING 3.0
PR REMOVE MSBLS 1.0
V1165 LANDING/BRAKE INSTALLATION 24.0
PR R&R LAUNCH CONTROL AMPLIFIER 3.0
Vv5U01 REMOVE APU 3 31.0
v5011 R&R RH OMS POD 29.0
V5079 OMS ENGINE HEAT SHIELD REMOVAL 16.0
V1164 ELEVON LOWER COVE SEAL PRESS LEAK RATE 24.0
V5U01 REINSTALL APU #3 16.0
V5016 TRANSFER RIGHTHAND OMS POD TO HMF 2.0
PR R&R HEADS UP DISPLAY UNIT 8.0
TPS AMMONIA TANK PURGE 16.0
V1165 LANDING GEAR BRAKE INSPECTION & BRAKE R&R 23.0
TPS NH3 LEAK & FUNCTIONAL 16.0
v1225 RIGHT OMS INTERFACE TEST 32.0
V5R01 INSTALL FUEL CELL #1 11.5
V1165 INSTALL NOSE LANDING GEAR TIRES 8.0
V1177 HEADS UP DISPLAY CHECKOUT 3.0



6.5.4 STS 160-HR. TURNAROUND VS. 51-L ACTUALS -

G. UNSCHEDULED MAINTENANCE & SYSTEM REVERIFICATION (Continued)

TPS MATE APU FUEL LINES 13.0

IPR LEARK IN APU FUEL LINE "B"NUT 16.0
v5079 LEFTHAND OMS ENGINE HEAT SHIELD INST'L R/T & LK CK 16.0
v1180 AFT OMS/RCS FUNCTIONAL 4.0
PR INSTALL THRUSTER & RETEST 8.5
V1226 OMS POD MATING 16.0
vi053 CABIN SENSOR INSTALLATION & RETEST 8.0
IPR REMOVE BREAK OUT BOXES 2.0
PR LEFT OMS CROSSFEED LINE PROBLEM 22.5
v5011 R&R LEFTHAND OMS POD 26.5
v1224 OMS POD ELECTRICAL CONNECT & RETEST 12.5
v1226 LEFTHAND OMS CROSSFEED CONNECT 5.0
v1161 BUSS REDUNDANCY LEFTHAND OMS POD 9.0

TOTAL 753.5
H. TPS REFURBISHMENT 40.0 HRS.

WAD TITLE HRS
v6028 ORBITER POST FLIGHT TPS INSPECTION N/A
v9024 ORBITER TPS MAINTENANCE/OPERATION N/A
N/A ORBITER TPS WATERPROOFING N/A
v9022 ET DOOR CYCLES/TPS OPERATIONS 120.0

v6035 RSI PRE ROLLOUT INSP & UPPER SURFACE WATERPROOFING 71.0

TOTAL 191.0+

NOTE: The 51-L as-run schedule shows the first three above
operations starting as soon as the orbiter is rolled into
the OPF but does not identify how long they continue. The
STS-XX schedule allows 60 hrs. for both the inspection and

the maintenance operation and the 168 hrs. for
waterproofing.

I. ORBITER INTEGRATED TEST 10.0 HRS.

NOTE: The requirement for this test has been deleted from the
OMRSD.

'J. PREPS FOR MATING 12.0 HRS.

WAD TITLE HRS
V5012 AFT SEP HARNESS/ET UMB GSE & PLUG INSTALLATION 8.0
v5012 FWD ET BEARING & YOKE INSTALLATION 32.0
v5012 PRE-OPS SET UP 16.0
v5012 POWER DOWN ORDNANCE INSTALLATION 8.0
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6.5.4 STS 160-HR. TURNAROUND VS. 51-L ACTUALS

J. PREPS FOR MATING (Continued)

v5012 POWER ON PIC TEST 8.0
V6034 PAYLOAD BAY SHARP EDGE INSPECTION 4.0
V1032 ORBITER CLOSEOUT 104.0
v1032 ORBITER AFT CLOSEOUT 85.5
V6003 PAYLOAD BAY CLOSEOUT/INSPECTION 20.0
V9021 DEACTIVATE TRICKLE PURGE 8.0
V1176 PAYLOAD BAY CLEANING 27.5
V5018 CLOSE PAYLOAD BAY DOORS & REMOVE STRONGBACKS 16.0
V9002 HYD OPS/POSITION AEROSURFACES FOR ROLLOUT 4.5
V3555 DISCONNECT ORBITER PURGE AIR 5.0
v3515 RS5.0 EMOVE LH2/LO2 CARRIER PLATES 5.0
v5101 J5.0 ACKDOWN WEIGH & CG/PREP TO TOW 8.0

TOTAL 359.5
K. TOW ORBITER TO VAB NO TIME ALLOTTED

WAD TITLE HRS
S0004 ORBITER TOW & MATE .5

TOTAL .5
L. TRANSFER AISLE ORBITER PREMATE OPS 5.0 HRS.

WAD TITLE HRS

S0004 ORBITER TOW & MATE 18.5
TOTAL 18.5
M. ORBITER MATE AND INTERFACE VERIFICATION 15.0 HRS.

WAD TITLE HRS
S0004 ORBITER TOW & MATE 103.0
SO008 SHUTTLE INTERFACE VERIFICATION 36.5
§0020 SRB TESTING 5.5

TOTAL 144.0
N. SHUTTLE INTERFACE TEST 19.0 HRS.

NOTE: The requirements for this tet have been removed from the
OMR and is no longer being accomplished.

0. MOVE TO PAD 7.0 HRS.
WAD TITLE HRS
A5214 TRANSFER & MATE TO PAD B 13.5

TOTAL 13.5
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6.5.4 STS 160-HR. TURNAROUND VS. 51-L ACTUALS

P. MLP MATE TO PAD & LAUNCH PAD VALIDATION 3.0 HRS.
WAD TITLE
§0009 LAUNCH PAD VALIDATION
N/A POWER UP PREPS

TOTAL
Q. PAYLOAD INSTALLATION IN PCR 13.0 HRS.
WAD TITLE
NO133 CARGO INSTALLATION IN PCR PAD B
N/A WIND DELAY IN INSTALLING CARGO IN PCR
N/A IUS SCU PROBLEM
N1533 TDRS PROPELLANT LOAD
N/A IUS POWER UP/DOWN TEST
N/A, IUS STANDALONE TEST

TOTAL

R. FUEL CELL DEWAR LOADING 10.0 HRS.
WAD TITLE
v2303 DEWAR LOAD

TOTAL
NOTE: The 160 hr. Turnaround Schedule has this

HRS

activity to

occur prior to the arrive of the vehicle at the pad.
During the 51-L flow, it was accomplished just prior to
hyper load which caused another pad clear operation in the

pad operation.

S. SHUTTLE LAUNCH READINESS VERIFICATION

6.5 HRS.

WAD TITLE

S0009 LAUNCH PAD VALIDATION WITH APU HOT FIRE *

v1202 HE SIGNATURE TEST

* This time includes 4.5 hrs for emergency power down

orbiter cooling was lost to the vehicle.

8
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-6.5.4 STS 160-HR. TURNAROUND VS. 51-L ACTUALS

T. PAYLOAD INSTALLATION & LAUNCH READINESS VERIFICATION

90 HRS

WAD TITLE HRS
N0133 CARGO PAYLOAD BAY OPERATIONS 80.0
S0017 TERMINAL COUNT DEMONSTRATION TEST 55.5
V9023 OPEN PAYLOAD BAY DOORS 1.5
S0009 1ST MOTION CHECKS & SRSS HOLDFIRE CHECKS 6.0
N/A HOT GAS SYSTEM TROUBLESHOOTING 15.0
V1202 HOT GAS POI'’S 7.5
V1149 AFT CAVITY PURGE 9.5
PR PDI R&R AND RETEST 5.0
B1500 R&R SRB AFT IEA 8.5
N0433 1IUS TDRS IVT/ETE 25.0
IPR R&R HIM 6893 2.5
PR IEA ELECTRICAL CONNECT & RETEST 12.5
N/A POD TOTALIZER CONNECT & RETEST 13.0
PR UPS 40 TROUBLESHOOTING/CARD CHANGE/RETEST 8.5
N/A CHARGE CARGO BATTERIES 15.5
V1077 FUEL CELL #1 SERVICING 8.0

TOTAL 273.5

U. CABIN CLOSEOQOUT 1.0 HR.

NOTE: No serial time was allotted during the pad operations to
closeout the crew cabin prior to the propellant loading.

V. HAZARDOUS SERVICING/SERVICE DISCONNECTS

8.5 HRS.

WAD TITLE

$0024 PRE LAUNCH PROPELLANT LOAD
T1401 ET BLANKING PLATE REMOVAL

N/A PAYLOAD DISCONNECT/ PLB CLOSEOUT/PLB DOORS CLOSE

PR R&R RJDA #2 & RETEST

PR R&R QD & RETEST OMS REG. LOCK UP TEST
S0009 ORDNANCE INSTALLATION

N/A CARRIER PANEL INSTALLATION

$5009 ORBITER AFT CLOSEOUT

S1005 ET PURGES

HRS

~Nowo-aomN
L] - . L] L] -
coouiourun

3
37.0
75.0
12.0

The following operations were preformed during this block of time

but were part of the original timelines.

N/A CARGO STANDALONE OPS
V1103 EMU INSTALLATION & TEST
V9002 SSME VALVE CYCLES/FRT'S
v1184 MMU FLIGHT LOAD

W. LAUNCH FROM STANDBY 2.0 HRS.

WAD TITLE

S0007 LAUNCH COUNTDOWN
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6.5.4 STS 160-HR. TURNAROUND VS. 51-L ACTUALS

NOTE: The length of the countdown for the 51-1 mission was much
longer due to several delays caused mainly by weather. The
first one was bad visibility at the transatlantic landing
site (dust storm in North Africa). Possible adverse weather
at the 1launch site then caused a 24 hour delay, and on the
third attempt, high cross winds caused a scrub at T-9
minutes. A normal countdown is now scheduled for 56 hours.
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TURNAROUND VS. S51-L ACTUALS

6.5.4 STS 160-HR.
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6.5.4 STS 160-HR. TURNAROUND
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OPF SSME PROCESSING TIME

Ref: Rocketdyne Division Pocket Data
RI/RD87-142, May 1987

ELIGHT DATE OQRBITER OPF PROCESSING TIME, SHIFTS

1.  STS-1  4/12/81 102 N/A (COLUMBIA)
2. STS-2 11/12/81 102 144
3. STS-3 3/22/82 102 57
4. STS-4 6/27/82 102 a 66
5. STS-5 11/11/82 102 63
6. STS-6  4/4/83 99  N/A (CHALLENGER)
7. STS-7 6/18/83 99 52
8. STS-8 8/30/83 99 24
9. STS-9 11/28/83 102 N/A

10. STS-11  2/3/84 99 43.5

11. STS-13  4/6/84 99 30.5

12, STS-14 8/30/84 103  NA (DISCOVERY)

13. STS-17 10/5/84 99 N/A

14, STS-19 11/8/84 103 38

15. STS-20 1/24/85 103 51

16. STS-23  4/12/85 103 97

17. STS-24 -4/29/85 99 60

18. STS-25 6/17/85 103 64

19. STS-26 7/29/85 99 92

20. STS-27 8/27/85 103 70

21. STS-28 10/3/85 104 N/A (ATLANTIS)

22. STS-30 10/30/85 99 ' 102

23. STS-31 11/26/85 104 58

24. STS-32 1/12/88 102 65

25. STS-33 1/28/886 99 71

~ TOTAL: 1248

SUMMARY - N/A - 6 flights data not available

19 Flights average SSME process time - 65.7 shifts
maximum SSME procass time - 144 shifts
minimum SSME process time - 24 shifts

4 flights required mare than 71 shifts - (21%)

11 flights required from 50 to 71 shifts - (58%)

4 flights required less than 50 shifts - (21%)

The 11 "median® flights required an average of 61.5 shifts
which is equivalent to 20.5 3-shift days

CONCLUSION: Normal STS SSME OPF processing requires 3 weeks pef launch
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6.5.5 SHUTTLE CONFIGURATION & FACILITIES DATA
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6.5.5 SHUTTLE CONFIGURATION & FACILITIES DATA

wA
-
TOP VIEW REAR VIEW BOTTOM VIEW
PAYLOAD ORBITAL MANEUVERING SYSTEM/ RUDDER/
BAY DOORS REACTION CONTROL

SPEED BRAKE
SYSTEM MODULES

FORWARD REACTION
CONTROL SYSTEM
MOOULE

AFT REACTION
CONTROL
SYSTEM

- l
| nsal L

- MAIN ENGINES
United Statesc

BODY FLAP

NOSE LANDING GEAR SIDE HATCH MAIN LANDING GEAR

DIMENSIONS AND WEIGHT

WINGSPAN ............c.00.. 23.79m (78.06 FT)
LENGTH ...ovveiennniennnn. - 37.24m (12217 FT)
HEIGHT . vvvvrenirnrannnenn. 17.25m (56.58 FT)
TREADWIDTH ....ovvvvvnnnn.. 691 m (22.67 FT) .
GROSS TAKEOFF WEIGHT ....... VARIABLE
GROSS LANDING WEIGHT . .. ... .. VARIABLE
INERT WEIGHT {APPROX) ... ..... 74 844 kg (165 000 LB}
MINIMUM GROUND CLEARANCES

BODY FLAP (AFTEND) .......... 368 m (12.07 FT)
MAIN GEAR (DOOR) ............ 087 m (2.85 FT)
NOSE GEAR (DOOR) ............ 0.90 m (2.95 FT)
WINGTIP ..ouvnnnnrnnnnnnns 383 m 11.92 FT)

Figure 1-3.— The Space Shuttie Orbiter.
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Briefly . ..

The three main engines of the Space Shuttle, In conjunction with the Solid Rocket Boosters,
provide the thrust to lift the Orbiter off the ground for the initial ascent. The main engines
operate for approximately the first 8.5 minutes of flight.

THRUST
Sea level: 1670 kilonewtons (375 000 pounds)

Vacuum: 2100 kilonewtons (470 000 pounds)
(Note: Thrust given at rated or 100-percent power

level.)
THROTTLING ABILITY ,
65 to 109 percent of rated power level A
SPECIFIC IMPULSE \
Sea level: 356.2N/s (363.2 |bf/s - )
kg lbm
Vacuum: 4464 Nis <455.2 jgf_/_s_) =
kg lbm
(Given in newtons per second to kilograms of .
propellant and pounds-force per second to pounds- -
mass of propellant)
CHAMBER PRESSURE .
20 480 kN/m2 (2970 psia) ‘ |
MIXTURE RATIO '
6 parts liquid oxygen to 1 part liquid hydrogen {by
weight) ‘|'
[
AREA RATIO _ 5
Nozzle exit to throat area 77.5to 1 @ E
WEIGHT : 1 . :
Approximately 3000 kilograms (6700 pounds) \‘“"""“’
———

LIFE 7 E e

(14 FEET) - '

— 2.3 METERS
7.5 FEET)

2-4
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Briefly. ..

The Solid Rocket Boosters operate in paraliel with the main engines for the first 2 minutes of
flight to provide the additional thrust needed for the Orbiter to escape the gravitational puli of
the Earth. At an altitude of approximately 45 kilometers (24 nautical miles), the SRB's separate
from the Orbiter/Extemal Tank, descend on parachutes, and land in the Atlantic Ocean. They
are recovered by ships, returmed to land, and refurbished for reuse.

S

STATISTICS FOREACHBOOSTER

THRUST AT LIFT-OFF
11 790 kilonewtons (2 650 000 pounds)

PROPELLANT
Atomized aluminum powder
(fuel), 16 percent
. NOSE CAP
Ammonium perchlorate : .  ORDNANCE RING
(oxidizer), 69.83 percent FRUSTUM | roRWARD
fron oxide powder \~1 ATTacH POINT
(catalyst). 0.17 percent (varies) FORWARD SKIRT g p l 45.46 METE
Polybutadiene acrylic acid g (149?13 FEE:)S
acrylonitrile (binder), 12 percent
Epoxy curing agent, 2 percent FORWARD
SEGMENT .
WEIGHT :
Empty: 87 550 kilograms
(193 000 pounds)
Propellant: 502 125 kilograms ,
{1 107 000 pounds) 22:,‘;“5“:9
GfOSS: 589 670 k'lograms SEGMENT i
: (1 300 000 pounds) \ .
THRUST OF BOTH BOOSTERS o’
AT LIFT-OFF _ Is
23 575 kilonewtons (5 300 000 pounds) CENTER _ 0
SEGMENT @
GROSS WEIGHT OF BOTH BOOSTERS : 08
AT LIFT-OFF . ¢
1 179 340 kilograms (2 600 000 pounds) AFT )/
ATTACH N\
RING
AFT SEGMENT —— { g
WITH NOZZLE -
AFT SKIRT =
__I - 3.8METERS
(12.38 FEET)
2-18
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Briefly. . .

The Extemnal Tank is the “gas tank" for the Orbiter; it contains the propellants used by the main
engines. Approximately 8.5 minutes into the flight with most of its propellant used, the ET is
jettisoned and splashes down in the Indian Ocean. It is the only major part of the Space Shuttle

system that is not reused.

TOTAL WEIGHT" NOSE CAP
Empty: 35 425 kilograms

(78 100 pounds)
Gross: 756 441 kilograms

(1 667 677 pounds) 331‘#’&%

TANK

PROPELLANT WEIGHT
Liquid oxygen: 616 493 kilograms

(1 359 142 pounds)
Liquid hydrogen: 102 618 kilograms

(226 237 pounds)
Total: 719 112 kilograms INTERTANK

(1 585 379 pounds)
PROPELLANT VOLUME
Liquid oxygen tank: 541 482 liters 0

(143080 galions) ST 25, o))
Liquid hydrogen 143.060qa ¥
tank: 1 449 905 liters -

. (383 066 gallons) 224,237 ny

Total: 1991 387 liters  3%5-7%° °-5°’°°“’-’1J

(526 126 gallons)

(Propellant densities of 1138 and 70.8 kg/m?
(71.07 and 4.42 Ib/ft3) used for liquid oxygen
and liquid hydrogen, respectively)

LiQuip
HYDROGEN
TANK

8.4 METERS_|

(275 FEET)

_-__’_’,_A
sag p:llun -_ -

47.0 METERS
{154.2 FEET)

ﬂ

DIMENSIONS

Liquid oxygen tank: 16.3 meters (53.5 feet)
Liquid hydrogen

tank: 29.6 meters (97 feet)
Intertank: 6.9 meters (22.5 feet)
2-34
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Briefly. ..

The cockpit, living quarters, and experiment operator’s station are located in the forward
fuselage of the Orbiter vehicle. Payloads are carried in the mid-fuselage payload bay, and the
Orbiter's main engines and maneuvering thrusters are located in the aft fuselage.

ﬂ

TOTAL LENGTH MID FUSELAGE
37.24 meters (122.17 feet) 18.3 meters (60 feet) long

5.2 meters (17 feet) wide
HEIGHT i 4.0 meters (13 feet) high
17.25 meters (56.58 feet) -

FORWARD FUSELAGE
VERTICAL STABILIZER CREW CABIN -

© 8.01 meters (26.31 feet) 71.5 cubic meters (2525 cubic foot) volume

WINGSPAN PAYLOAD BAY DOORS
23.79 meters (78.06 feet) 18.3 meters (60 feet) long

4.6 meters (15 feet) in diameter
BODY FLAP
12.6 square meter (135.8 square foot) ares 148.6 square meters (1600 square feet) surface area
6.1 meters (20 feet) wide WING .

18.3 meters (60 feet) fong
AFT FUSELAGE 1.5 meter (5 foot) maximum thickness
5.5 meters (18 feet) long
6.7 meters (22 feet) wide : ELEVONS
6.1 meters (20 feet) high 4.2 meters (13.8 feet)

3.8 meters (12.4 feet)

VERTICAL

STABILIZER \

WING

PAYLOAD

BAY DOORS —\

FORWARD MID AFT
FUSELAGE FUSELAGE FUSELAGE

3-4
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Briefly . . .

The propulsion systems of the Space Shuttle consist of the three main engines, the Solid
Rocket Boosters, and the External Tank (see section 2) and the orbital maneuvering and
reaction control systems. The main engines and the boosters provide the thrust for the launch
phase of the mission. The orbital maneuvering system thrusts the Orbiter into orbit and
provides the thrust to transfer from one orbit to another, to rendezvous with another
spacecraft, and to deorbit. The reaction control system provides the power needed to change
speed in orbit and to change the attitude (pitch, roll, or yaw) of the Orbiter when the vehicle is
above 21 000 meters (70 COO feet).

ORBITAL MANEUVERING SYSTEM (1)

Two engines
Thrust level = 26 688 newtons (6000 pounds)
vacuum each

Propellants
Monomethyl hydrazine (fuel) and
nitrogen tetroxide (oxidizer)

REACTION CONTROL SYSTEM (2) MAIN PROPULSION (See section 2) (3)

One forward module, two aft pods ' Three engines
38 primary thrusters (14 forward, 12 per aft pod) Thrust level = 2 100 000 newtons (470 000 pounds)

Thrust level = 3870 newtons (870 pounds) vacuum each
Six vernier thrusters (two forward, four aft) Propelliants

Thrust level = 111.2 newtons (25 pounds) Liquid hydrogen (fuel) and
Propeilants — liquid oxygen (oxidizer)

Monomethy! hydrazine (fuel) and
nitrogen tetroxide (oxidizer)

f
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Briefly. ..

The Orbiter's environmental control and life-support system scrubs the cabin air, adds fresh
oxygen, keeps the pressure at sea level, heats and cools the air, and provides drinking and wash
water and a toilet not too unlike the one at home.

WATER LOOP

INTERCHANGER HEAT EXCHANGER
PAYLOAD HEAT EXCHANGER
FREON LOOP

FUEL CELLS

AFT COLDPLATES

GROUND SUPPORT EQUIPMENT
HEAT EXCHANGER

8 AMMONIA EVAPORATOR
9 HYDRAULIC HEAT EXCHANGER
10 MID COLDPLATES
11 FUEL CELL HEAT EXCHANGER
12 AVIONICS HEAT EXCHANGERS AND FANS

13 INERTIAL MEASUREMENT UNIT
HEAT EXCHANGER AND FANS

14 WATER PUMPS

15 CONDENSER

16 WATER SEPARATORS

17 CABIN FANS LITHIUM HYDROXIDE

18 WATER CHILLER

19 LIQUID COOLING GARMENT HEAT EXCHANGER
20 FREON PUMPS

NOR AN

PAYLOAD BAY DOOR
RADIATORS

WATER-BOILER
THERMAL

CONTROL UNITS
ATMOSPHERE

REVITALIZATION
SUBSYSTEM

FLASH
EVAPORATOR

SUBSYSTEM
RADIATORS

FLASH EVAPORATOR
SUBSYSTEM
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Briefly. ..

Silica glass tiles bonded to the Orbiter's skin have prompted some to call the spacecratft the
“flying brickyard.” The tiles on the outside and several types of insulation materials on the
inside protect the Orbiter from temperature extremes while in orbit and from the searing heat of
entering the atmosphere on the retum trip. The lightweight glass tiles require only minor
refurbishing between flights.

e

Insulation Temperature limits Area, Weight,
m2 (ft2) kg (Ib)
Flexible reusable Below 644 K 319.(3 436) 499 (1 099)
surface insulation (371* Cor 700° F)
Low-temperature reusable 644 to 922 K 268 (2881) 917 (2022)
surface insulation (371° t0 649° C or
700° to 1200° F)
High-temperature reusable 922 to 978 K 477 (5134) 3826 (8 434)
surface insulation (649° to 704° C or
1200° to 1300° F)
Reinforced carbon-carbon  Above 1533 K 38 (409) 1371 (3023)
(1260° C or 2300° F)
Miscellaneous 632 (1 394)
Total 1102 (11 860) 7245 (15972)

4-26
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Briefly. ..

The purge, vent, and drain system on the Orbiter removes gaces and fluids that accumulate in
the unpressurized spaces of the vehicle.

: RIGHT-HAND T - 0
PURGE SUBSYSTEM (PREFLIGHT AND DISCONNECT

POSTFLIGHT)

Circulates conditioned gas during launch preparations to
remove contaminants and toxic gases and maintain
specified temperature and humidity

SPECIAL QUTLETS
FOR PAYLOAD (3)

VENT SUBSYSTEM (ALL PHASES)

Allows unpressurized areas to depressurize during ascent
and repressurize during descent and landing '

DRAIN SUBSYSTEM (PREFLIGHT AND
POSTFLIGHT)

Removes accumulated water and other fluids

* ORAIN PORTS
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Briefly. ..

The Orbiter's crew quarters are outfitted with everything from a galley for preparing balanced
meals and bunks for sleeping to all the equipment needed for keeping house in space. The only
time space suits will be wom is during space walks. The Orbiter has a medicine chest and
aquipment for emergency rescue or survival. )

ORBITER ACCOMMODATIONS
Seats, restraints, and mobility aids
Egress systems
Flight data file
Sighting aids

" Photographic equipment
Window shades and filters
Stowage areas
Food systems and equipment
Sieeping accommodations
Crew hygiene systems and accommodations
Housekeeping equipment
Airlock

A

442
2ol

CREW EQUIPMENT

Survivai equipment

Medical kits

Radiation instrumentation
Operational bioinstrumentation
Crew clothing

Space suit assembly

5-4

101



#

Briefly. ..

The Space Shuttle Orbiter will be launched from and landed at either the Kennedy Space
Center on the east coast or the Vandenberg Air Force Base on the west coast. Two Orbiters
can be processed simultaneously at the new facility at KSC. The final countdown for a Shuttie
launch at KSC will require @nly 2.5 hours, a significant drop from the 28 hours required for

_Apollo launches. The Orbiters are guided automatically to safe landings on a runway that is
roughly twi¢e as long and twice as wide as average commercial landing strips; the speed at
touchdown is about 348 km/hr (215 mph).

1 VEHICLE ASSEMBLY BUILDING "=
3.3-hectare (8-acre) ground area
160 meters (525 feet) tall
218 meters (716 feet) long
158 meters (518 feet) wide
3 665 000-cubic-meter
(129 428 000-cubic-foot) volume

2 LAUNCH CONTROL CENTER
24 meters (77 feet) tail (4 stories)
115 meters (378 feet) long
55 meters (181 feet) wide

3 ORBITERPROCESSING FACILITY
29 meters (95 feet) talil
121 meters (397 feet) long
71 meters (233 feet) wide

4 SHUTTLE LANDING FACILITY
4572 meters (15 000 feet) long with
305-meter (1000-foot) safety
overuns at each end
91 meters (300 feet) wide

5 MOBILE LAUNCHER PLATFORM
7.6 meters (25 feet) tall
49 meters (160 feet) long
41 meters (135 feet) wide
Weight of platform: 3 733 000 kilograms (8 230 000
~ pounds) .
Weight with Shuttle dry: 4 989 500 kilograms
(11 000 000 pounds)
Weight with Shuttle wet: 5 761 000 kilograms
(12 700 000 pounds)

6 CRAWLER-TRANSPORTER
6 meters (20 feet) tall
39.9 meters (131 feet) long
34.7 meters (114 feet) wide
2 721 000 kilograms (6 million pounds)
Speed:
Unloaded 3.2 km/hr (2 mph)
Loaded 1.6 km/hr (1 mph)

7 LAUNCH PAD AREA
67 hectares (165 acres) EEE—

-4
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Fixed Service Structure

The fixed service structure, located on the west
side of the pad, is a square cross-section steel
structure that provides access to the Shuttle
Orbiter and to the rotating service structure. The
FSS is essentially an open-framework structure
12.2 meters (40 feet) square and is permanently
fixed to the pad surface. it incorporates several
sections of the Satum V umbilical towers
removed from the Apollo mobile launchers in their
conversion to Mobile Launcher Platforms. The
FSS tower supports the hinge about which the
rotary bridge supporting the RSS pivots as it
moves between the Qrbiter checkout position
and the retracted position. A hammerhead crane
situated atop the FSS provides hoisting services
' as required in pad operations. FSS work levels
are at 8.1 -meter (20-foot) intervals beginning at
8.2 meters (27 feet) above the surface of the pad.
The height of the FSS from the pad surface to the
top of the tower is 75.3 meters (247 feet). The
height to the top of the hammerhead crane is 80.8

meters (265 feet), and the tbp of the lightning
mast is 105.8 meters (347 feet) above the pad
surface.

The FSS has three service arms: an access arm
and two vent arms.

The Orbiter access arm (OAA) swings out to the
Orbiter crew compartment hatch to provide
personnel access to the forward compartments of
the Orbiter. The outer end of the access arm ends
in an environmental chamber that mates with the
Orbiter and will hoid six persons. The arm remains
in the extended position until 2 minutes before
launch to provide emergency egress for the crew.
The Orbiter access arm is extended and retracted
by two rotating actuators that rotate it through an
arc of 70° in approximately 30 seconds. In its
retracted position, the arm is latched to the FSS.
The OAA is located 44.8 meters (147 feet) above
the pad. It is 19.8 meters (65 feet) long, 1.5
meters (5 feet) wide, and 2.4 meters (8 feet) high
and weighs 23 600 kilograms (52 000 pounds).

LIQUID
HYDROGEN
FACILITY CAPE ROAD ACCESS
HYPERGOLIC STORAGE
BURN POND FACILITY ROAD ,
| 4 HYPERGOLIC BUILDING
Y DROGE / (OXIDIZER)
HYDROGEN e
FACILITY GATE HOUSE
DRAINAGE ’ o) =4 MAIN ACCESS GATE
HOLDING T S
POND = e DA . GENERAL PARKING
WATER TANK — » _ (.
CRAWLERWAY
DRAINAGE \\
HOLDING : ) \ ACCESS ROAD-PAD A
POND 77 et . TO KENNEDY
PARKWAY

PAD TERMINAL
CONNECTION
ROOM (PTCR)

LiQuib
HYDROGEN
FACILITY

Figure 8-8.—Launch Pad 39-A surface arrangement.
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ENGINE SERVICE PLATFORM
PARK POSITION

HYPERGOLIC STORAGE
FACILITY ROAD

HYPERGOLIC BUILDING
(FUEL)

PAD A PERIMETER
ROAD

FIXED SERVICE STRUCTURE

SLIDEWIRE
LANDING AREA



The Externa! Tank hydrogen vent line and access
arm consists of a retractable accessarmand a
fixed supporting structure. This arm allows
mating of the ET umbilicals and contingency
access to the intertank interior while protecting
sensitive components of the system from the
launch environment.

The vent arm supports small helium and nitrogen
lines and electrical cables, all mounted on a 20.3-
centimeter (B-inch) inside-diameter hydrogen

vent line. At SRB ignition, the umbilical is
released from the Shuttie vehicle and retracted

105.8m (347 FT)

EL = ELEVATION

EL 80.8m (265 FT) ——

84 centimeters (33 inches) into its latched
position by a system of counterwelghts. The
service lines rise approximately 46 centimeters -
{18 inches), pivot, and drop to a vertical position
on the fixed structure where they are protected
from the launch environment. All this activity
occurs in approximately 4 seconds. The vent arm
itself rotates through 210° of arc to its stowed
position in about 3 minutes. The fixed structure is
mounted on the northeast comer of the FSS 50.9
meters (167 feet) above the surface of the pad.
The vent arm is 14.6 meters (48 feet) long and
weighs 6800 kilograms (15 000 pounds).

A

e LIGHTNING
MAST

HAMMERHEAD
/ CRANE
D@m

ROTATING
SERVICE

FIXED SERVICE STRUCTURE ==

EL 75.3m {247 FT) —

EL 68.2m (227 FT) —

ET GASEOUS OXYGEN VENT ARM

EL €9.2m (227 FT)

STRUCTURE
-\ EL 63.9m (207 FT) — HYDROGEN
VENT LINE/
ELS7.6m
(189 FT) ELS7m (187 FT) ~— ::%ESS A—— EL 58.5m (192 FT)
EL 50.9m (167 FT) =— 7 ! T EL52.7m (173 FT)
EL 44.8m (147 FT) — j>
Loreiten
EL 38.7m (127 FT} — ACCESS
m ARM \
EL 32.6m (107 FT) — | 4 \
]
1 ]
——— [ LT )
EL 25m (82 FT) EL 26.5m (87 FT) C' qispp
[}
EL 22m (72 FT)— E —1 EL204mie7 FTI— : '
EL 18m {59 FT) - ;

MLP DECK 0 == EL 14.3m {47 FT) o= emw
EL 8.2m (27 FT) — I | I
87m {22 FT)
17.7m
ELO I (s r1—1 L
/ 128m
PAD SURFACE (42 FT)
BOTTOM OF FLAME TRENCH
Figure 8-9.—Space Shuttie/pad elevations.
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Briefly. . .

Tracking statlons scattered around the worid give Orbi
for several minutes of most orbits. When the new Track

ter crews contact with Mission Control
ing and Data Relay Satellites are

parked at 37 000 kilometers (23 000 miles) over the Equator in the mid-1 880's, the Mission
Control Center will have almost continuous contact with Orbiter crews.

150 Mbps
RELAY

TDRS

DOMSAT

oomsat |
RECEIVER| |TRANSMITTER[ ‘mpps
50 Mbpe

ic

POCC | onmiTER DATA

PAYLOAD COMMAND
AIR-TO-GROUND VOICE
w -

VOICE COORDINATION

IUS/PAYLOAD
PAYLOAD

DOMSAT
RECEIVER DSN
K COMMAND AND CONTROL
OF FREE-FLYING SYSTEMS /2, COMMAND
4 AND CONTROL
S OF PLANETARY
ORBITER DATA %:g PAYLOADS
VOICE COORDINATION. .
AIR-TO-GROUND VOICE T o
PAYLOAD COMMAND POCC
THROUGH ORBITER

PAYLOAD COMMAND THROUGH ORBITER/IUS, AIR-TO-GROUND VOICE
ORBITER DATA, VOICE COORDINATION

3

DOMSAT
DSN
GSFC

ws

JPL
JSC
MCC
POCC
STDN
TDARS
TDRSS

DOMESTIC SATELLITE
DEEP SPACE NETWORK

~ GODDARD SPACE FLIGHT CENTER

INERTIAL UPPERSTAGE

JET PROPULSION LABORATORY

JOHNSON SPACE CENTER

MISSION CONTROL CENTER

PAYLOAD OPERATIONS CONTROL CENTER

SPACE TRACKING AND DATA NETWORK
TRACKING AND DATA RELAY SATELLITE
TRACKING AND DATA RELAY SATELLITE SYSTEM

/
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The network communications processing
program monitors circuits; routes and formats
data within the computer complex itself; and
manages and controls the input of the computing
system.

Data processing equipment.—The Shuttie Data
Processing Complex has three IBM 370/168-1
computers. These mainframe computers are
capable of processing 3 million instructions per
second.

Display Control System

The Display Contro! System provides the link
between the information being processed in the
computer and the prasentation of data on strip-
chart recorders, scribing plotboards, event lights
(similar to warning lights on automobiles), and the
digital television system. The digital television
system presents information in tabular form on
television “pages” or channels. The system
allows console operators to request data and:
specify the manner in which it is presented. Most
of the data is available on the digital television
system, which takes up most of the equipment In
the control system.

MISSION CONTROL CENTER FLIGHT

CONTROL FUNCTIONS AND POSITIONS

The Misslon Control Center operations for the
Space Shuttle are different from those of all
previous programs in that operations planning
and management is the main task and flight
control, with the associated systems monitoring,
is greatly decreased.

The Shuttie vehicle flight control and
coordination with the Payload Operations Control
Center (at the Goddard Space Flight Center, the
Jet Propuision Laboratory, and the Johnson
Space Center) are performed from a flight control
room. The flight control team, headed by a fiight
director, supports the vehicle and payload
operations from the terminal countdown through
launch, insertion, orbital operations, reentry,
landing, and roliout.

The support provided by the multipurpose
support teams (MPST's) is divided into two main
categories: preflight planning and real-time

106

support. The individual teams are dedicated to a
specific discipline, therefore, their activity is a
combination of planning and real-time support.

The maximum operations support required of the
flight control and multipurpose support teams
consists of up to three simultaneous operations,
which can include combinations of real-time
operations, a simulation, or pad support but no
more than two actual flights.

Planning and Operations Management Team

The planning and operations management team
(POMT) performs the vital function of managing
the JSC preflight operations planning and is
responsive to the JSC Shuttle Payload
Integration and Development Program Office
(SPIDPO) in performing this function. The
management team is responsible for the detailed
development, planning, scheduling, and statusing
of all STS flights. The main POMT functions are as
follows:

1. Communications and data management
2. Shuttle flight status management

3. Payload integration

4. Headquarters operations office representation
5. Medical management

6. Ground data systems management

7. Crew activities integration

8. Public affalrs management

9. Training integration

10. Flight design and scheduling

11. Department of Defense representation
12. SPIDPO representation

Staffing for the POMT includes the following
positions:

1.STS operations director
2. Communications/data manager

- 3. Shuttle flight status manager

4.Payload integrator

5. Headquarters representative

6. Ground data systems manager

7. Crew activity integrator

8. Public affairs officer

8. Training officer

10. Flight design and scheduling manager
11. Department of Defense representative
12. Medical representative

13. SPIDPO representative
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Flight Control Team

Within the Mission Control Center, all real-time
STS flight control responsibility is provided by
the flight control team. Teammembers are
assigned to a flight approximately 9 weeks
before launch.

Launch/landing unique support.—The basic
onorbit flight control team support is augmented
with systems and trajectory experts for the
launch, entry, and landing phases. For launch,
entry, and landing phase support, the flight
control team is composed of the following:

1.Flight director

" 2. Communications systems engineer (INCO)
3. Environmental/consumables mechanical
engineer (EECOM)

4. Flight computer systems engineer

5. Avionics systems engineer

8. Propulsion systems engineer

7. Flight dynamics officer (FDO)

8. Trajectory officer (TRAJ)

9. Flight activities officer (FAQ) (will also actas
crew communicator If required)

10. Public affairs officer

Orbital support.—Following orbital stabilization
of STS systems and trajectory conditions, the
launch team support terminates and the orbit team
continues support. The orbit team consists of the
following:

1.Flight director :

2. Communications systems engineer
3. Flight activities officer

4. Payload officer

Multipurpose Support Team

The multipurpose support teams support the
planning and operations management team and
the flight control teams concurrently. They are
dedicated to specific functions. The multipurpose
support rooms (MPSR's) contain communications
and computer-driven display equipment that can
be used by specialists in vehicle systems support
(EECOM and guidance and propulsion), payload
support systems, natural environment,
communications and data management, crew
actlvities, configuration/logistics, trajectory and

6-54
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flight design, flight scheduling, training support,
ground data systems, medical support, and
operations integration and requirements.

Staffing for the muitipurpose support team
includes the following positions:

1. Guidance and propulsion engineer

2. Avionics systems engineer

3. Main propulsion system engineer

4. Main engine controller engineer

5. Orbital maneuvering system/reaction control
system engineer

6. Controls (flight control system) engineer
7. Sensors engineers

8. Data processing system engineer

9. Environmental, mechanical, and electrical
system engineers

10. Payload support systems integrator

11. Natural (Earth) environment engineer

12. Crew activities integrator

13. Configuration/logistics engineer

14, Trajectory and flight design representative
15. Ground data systems manager

16.INCO engineer

17.Flight data manager

18. Assistant for flight data requests

The four EECOM positions (number 9) and their
responsibilities are as follows.

1.EPS: Electrical power system (EPS) fuel cells
and electrical power distribution system

2. APU/HYD: Auxiliary power unit/hydraulics
(APU/HYD) systems, structural and mechanical
systems, and landing systems

4. Thermali: Atmosphere revitalization system
water loops, active thermal control subsystem,
and structural temperatures

4. Life support: Waste management system;
potable water system; purge, vent, and drain
systems; food management; extravehicular
activity and airlock; power reactant supply and
distribution: atmospheric revitalization pressure
control system; and ventilation systems

External Interfaces

Real-time interfacas for operations and planning
are required with various organizations external
to the Johnson Space Center throughout the STS
operations phase.
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RFLY-PPA Configuration

Alternate Architecture

MOEING —————

body 'vm"l'.ﬂ Airbreather engines I’
hest sink struciure ' for booster ﬂyblcl &
25 dameter 25 dlameter
S
S vl S D
0 I J Wl ( ua oo
\ } 1\ ! "
/ Pt /2l DUBNI DA o]e;
/ ) — N L0, MC booster -
Ine (8) -
fing stfiened GEP e Do coog Block B SSME (1)
paylosd hiiring tankage ¢ Redesigned
- ! o Increased fife
¢ Improved mainenance
. Characteristic RFLY booster PPA Core
Deployabie canard faking Gross Iift-off weight 212751
Internalty mounted, Payload weight 80,900
m""":m Total stage welght 1,416,200 616,902
2 N\ Usable propefiant 1,197,033 552,932
61.3 \ i inert weight 219,170 63,970
/ i Kdeal veloclly defta 11,965 19,042
N Total ideal velocity 31,027
i
I' | Number of engines § 2
Y Typefpropellants Gas gen-LO2HC | Block R SSME-LO; M3
Rated thrust 445,6K/505.5K 417.5K/512.3K
Isp 350.6 4526
Mixiure ratio 3.35 [
Chamber pressure 4000 3000
Weight 4375 7000

RFLY-PPA CONFIGURATION - ALTERNATE ARCHITECTURE
The alterate RFLY-PPA conliguration is shightly dilerent in size and employs a diflerent core stage engine than
the recommended RFLY-PPA. With a gross lift-off weight of 2,127,511 Ibs, this concept also places about 80,000
bs into a 150 nautical mile circular orbit.
Except for the core stage engine, the configuration Ieaturqs for the RFLY and PPA are identical 1o those
mentioned for the recommanded sysiem; refer there for more details.
The alernate PPA core stage propuision system includes a block Il version SSME, featuring a completély
redesigned powerhead. this development is expecied to increase the engine life and reduce required

mainienancs levels, while maintaining the performance characteristics of the standard Shuttle SSME.
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6.6.1 APOLLO SPACECRAFT
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6.6.1 APOLLO SPACECRAFT

APOLLO SPACECRAFT

Overall Langth . coevannsanascsss B 1t 9 inches (LEM mwple/IU
{nturface \o wp of LES)

LES
Weight DFY s eeecessncnanasssesd2,000 202°4 291"
Al Ground Tgnilioh . .. eesveceses 96,5001

LEM (Fully Extended)
Height eearsvassassssasesl® it dinches .
Base Dimension coeoecscesss 2Tt & inches (conter of legs) T
Weight (A Ground Ingnition) , . . 26,300 b 11 2 P 97

LEM Adapter
Length . covvesacnnvesnnocs 28R
Diamelsl e connccsoanessass Tapers from 21 ft 8 inches &t )

bottom to 12 #t 10 inches al top 81' 9" 12'11°

Walght (AL Ground Ignitiond , ., . 3500 s 12'10° d

M i
Length Uacluding Fauringh c oo« . 13 ft 1 inch FEE Y
Didmetof .o cocevvcasneses tdft 10 inches LEM 'l \‘
Weight UAL Ground lgmition) .. . . . 50,500 Jb aoaprER] Lemcd

Cc™

r \-‘\ 28'
Length o oovvcessessossossbft 2inches e-d \
Diameter [Fairing Wntarface), . .. . 12 R 10 inches '
Weight AL Ground lgnition), . . . . 9500 16

4 k.

LES ooy go-

Length v ueennnsessnonnns29 it 1inch labove CM tip) 1.5 1
Diametar (Rocket Case) e s o se s 2 it 2 inches

Weight (AL Ground Ignitien) - - - . 6300 1 —21 e —]

70 Sems== F A o
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6.6.2 SATURN 1
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6.6.2 SATURN I

SATURN I, BLOLK !
Dusiyhdlion. svevavarnsnnssssses PA-1 thiu SA-4
Overdll Dimenbions
Diareter (5-1 Midsection) . oo s oo 21 JUS inches

Diameter (Thrust Suuctune). o oo oo 22 11 9 laches

Length
LY T3 WIPTR Y T N T 2 1 )
Y T e T Y A1)

Weight 8t LihioH
SA-1 andSA-2...00nnrs-..926,3000
SA-3,..vurenvsassnanvesl, 086,000
SA-Q.ccrrsvsascassrssss940,00000
Rated THIUSL . covrvvanrnnssnesed.32millionld
Payload .....................Juwmwumlndilupm
Stages
Seheseresssnsrasasssrsvsobive
SV counvessvssssscsossesDummy

$eVeD ivoussessnassvanss. s Dummy

Prmdty Mis3i0N s s acsesveesnssss Sl propulsion, stuclure,
and control Hight Lest

Secondary Missions
SA-2and SA-3 . s.ccnanoncs. s Promct High Water

BA-3 .. icvescrssrnnesosss s Conaur dynamic pressure study

70

SATURN I, 8LOCK )
$-V-D Stage

Manulacton? o oo asasosvonsess MSFC/COA

Overall Dimensions
Diametet s cecessessvesres

10k
Lengh . oerosssroasoneseslbfilinch
Payload

Overall Dimensions

Diameler . o uveerorrannasssdOR
Longih ..osensrereseseses2lt

pAGE_ 117 INTENTIONALLY BLANK 119

72

& VERICLE PaRaAmETiNg

SATURN |, BLOCR |
-1 Suage

Manulativter s vvsenssrsaness MSFC

Overall Dimensions
Diameler (Midsection) . o ovveoo @l H 5 inches
Diameter (Thrust Steucturc), . ... 22 1t § inches
Length cesvenssrnnasosaceBlft Tinches

EngInts voeossrsncnnsrsanssB

Tyec et ensnnensesssRocheidyne H-1

Nomna! Theast {Lach) oo e oo es165,000 i (sea leveD

Wnture Ratio TWoAWD < ovvess2, 2621

Outboard Gimbal Paltem o4« oo 7° square

Canl ANGlES. o oo s seasosssss b0 loutboard engines)

' 3° tinboard engines)

Propellant Weight

SA-), 2,808 4 ...vanneess600,000 0 (LOX/RP-1)

SA-3 Liiceacervercsasss?50,000100 (LOX/RP-1)
Separation

SA-1 nd SA-2 L ...i.u.. e lone

SA-3and SA-@ ,..c.uoecnasd retromotors, sysiem tost only,
»0 separation

$-1V Staye

Manufaciurer , csecosncsnssese MSFC

Overall Dimentions

Diameler. .cooessvssscsnselBitdinches
Length cuneesvooansnconss 83111 inches

n

SATURN |, BLOCK I

Designation veecssssavecssnsesSAS thry SA-10
Ovarall Dimensions

Diameter (S-1 Midsectiond, .. o040 21-h 5 inches

Diametar (Thrust Suucturel, . o o o+ + 22 it 9 inches

Diameter (Wth Fing), oo oo oo oo 80 ft B inches

L.m:‘huuw..........ubh 7 inches

SA-5 . .unccnensasssoess 1637 inches

SA-6 and SA-T, cuvsosnsvss 190 6 inches
SA-8 thry SA-10,,..cer0e..188 1

. Welght

Al Ground lgniten o oevsvssesss ] 165 million b (iwo slages,
U, payload, and LES)

Rated Theust (S-1) vesssssssesenel.S million [ ]
Slages

S A uennsoncossssasnsssecaokive

SV ..oasnrnsannssssanascbive

Primary Missian

BAS . .00ensanssncnrsssass Bl and S-IV propultion, siructure,
and control flight tast with Jupiter
nose cone payload

SA-bthru SA-10. .. .canvanens Sl and 51V propulsien, Siruclrs,
and contre] Hiight test with beiler-
plate Agsiie payiead



SATURN |, BLOCK 11
Secongary Missiony
SA-S51h 5A-10 ,..iciveness 5ol from S-IV separation
SA-6 thru 5A-10 ,..0i0uannnn . Guided Thyhts

SA-6 thru SA-10 . .uuuva.n .. o Jeltison LES at S-IV igution
4+ 10 seconds

SA-B, SA-9, and SA-10,...... Micrometeoroid capsule
SA-10. cvunusscnnrannssss. Spacecrall separation
S-1 Siaye
Pure CO'\UJCWI; csesssvsneess Chrysler
Marrigim Diameter
Without Fans . oovvnvaneen. 22 ft 9 inches (thrist structure)
WithFs .. ovieveeenens. . 401t B luches
Length . cvveunsvennvasonses BOI I nches
Weight
Dry. ceesssvsncanannesse 103,000 1
At Ground 1gntion . . s uysevso. 1,016 million i
Engines .. ouvureennnnnss.. Rocketdyne H-1 (8)
Tolal Nominal Thiusl. . o v e oo oo o 1,5 million Ib (sea level)
Propetiamt €Capacity, v usssnsee.. 880,000 tb (LOXRP-1)

LOX, . eeecnnenssenonsa 67,500 yal

RP-1,ieevurnannsnnanesod2,400 gal
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@ VEINICLE PARAMETERS

SATURN |, BLOCK 11
Instrument Unit

Prime CONUBLION, .y o vesnasasss MSFC
Leauth .o iteriinonsnnanne. @it 11 inches

Didimeter . . ovveeionnanoanaas 1210 inches

Weight (A1 Ground ignition), ., ..., 2700 Ib
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SATURN {, BLOCK 1)

Mixture Ratlo Wo/W, . covvvees2.20
Outboard Gimbal Pattem. ...\ .4 oo 8° square
Cant Angles

Outbomd . s vuvennnvnnnsss

L0, JR e —

Separation (5-1/5-1V) ., . 4 s - v+ . 4 ullage molors = Thicko! TX-280
S-IV Suge

"Prime Contractor vovuaevasn .. Dovglas

Length oo iuvrvrnenanroannsedl it 5inches

Diameter ,......vcuvcevrves1B it &inches

Weight

DrY ceveescenvcnssesncss 13,000 10 (encludes 2100 i

for the S<1/S-1V interstage)

At Ground 190ition, v s s vvveoss 214,000 Ib less interstage)
Engines ..ucennsnnnavseesssd; Pratt and Whitney RL10A-3
Towl Nominal Thrust, .uevesees 90,000 Ib (vacvum)
Propellant Capacity ..o0uve.0s,100,000 b

LOX . ueenenunsinnesessBISO gal

L“zoo.uulo.cill.!ll....zals‘op'

Mixture MIOMOMD-..".--.-S:I
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6.6.3 SATURN I-B

SATURN 1B
Overall Dimensions
Diamater
S-18 ui‘“‘“‘"!'l'll'l.l.uzl S inches
Thrust Structure , e 22 19 inches
WihFing s sesnsesosnnsees 80 it 8 inches

Length
Without Spacecrall , s s ssoesee 341 It Ginches
With Spacecralt v ooucesnsses 223 1L S inches

Weight (At Graund lgnitien), ., s, o ., 1.294 miliion Ib (two stages,
WU, payload, and LES)

Roted Thrust (S-1B) . .cuveseecos .S millionib
Stages

$+1B ..cuiverenennasraasaalive

S~IVB. . civesevcenesssensesbhive
S$+IB Stage

Prime ConUacter ...uveesusssosChysler

Maximum Diameter

Without Fidl c.uvassasense @2t 9 inchies (thrust slruclure)
WltthS......-.........‘oﬂ.iﬂd\“

t"hlllllllll...!.l'l'...oh:“h.
Weight

Dl, .‘..................’l.ooo.h

At Ground lgmtion, o v o vaseeee 1,003 million ib
Enyines n---oo---uo.oon.....; RD“O‘"M"‘I

Total Nominal Thust .y o0 000000 d.9 million ib (sen level)

7

SATURN V
Vehicle
Runber of $109¢3 . . vvavoansesd

Length

Without Apollo Spacecralt , , , , 281 it 11 inches
With Apollo Spacecraht , , . , , 363 It B inches

Maximum Diameter
Without Fintg vovevsenasees 33N
WithFons . cvnvrnernnses.63ht

Weight . overvanessassnnsass Three stages, 1V, Apolle
Spacecralt

DIy cosssecsnasnnnasneas 500,000
Al Ground Ignition , . ¢0ea00..6,102,0000b

S-1C Swage
Prime Conractor, . s vueeese. . Boting

L S 5. 1: 3

Diameter
Without Fins .CIC...II!.':"‘
With Fins cesssesseneasl 63Nt

Weight
Dry coveveoossnnssess 287,000 00
Al Ground Ignition, , ., 0000 4,7 million Ib

Engies .. uuveesnsnanecssd; Rocketdyne F-1

123 ;4
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SATURN I8

Prupeliamt Capaosty o ..B880,000 1 (LOX/RP-]1)
LOX...vess ++ 67,500 gat
RP-] . iieirenrennacnnss 42,400 !

Minture Ratio (Wo/WD,, iy ve..2.26:1
S-IvB Suge

Prime Conlractor. . oo vveuaas...Douglay

Length o v ivnvnrnonsenssnes . 581 S inches

Diameter . ovvivveniasvosaas. 21 {18 inches
Weight
Dry. o vvevnesnnainns.neess 20,000 ib (excludes interstage)
At Ground lgntion, , s ueesss..243,000 10
Engine L uveereioreasnssesed; Ruchetdyne J-2
Tuwal Nomaal Thaust, o coease .. 200,000 11 (vacuun)
Propeliant Capacily. v easeasss.. 219,000 b (LOX/LHD)
LOX. covveesneennasnses 20,650 gal
LHaicisvrncssansenaen. 72,860 yal
Mauture Ratio (Wo/WD., ., uuuve.o5:1
Instrument Unit
Prime Conteactor, . . v vuesssa. . MSFC
Length s oceneonnneassasessadt

Diameter .o .cvvvevvnsncnnenea2l it Binches

\veight (At Cruund lgnition), , ., ... 2600 b

®



(This page intentionally left blank.)

124



6.6-4 SATURN v
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i 6.6.4 SATURN V

SATURN V
SATURK V
$-1C Supe
$-IVB S
Yotal Nomindl TARUSL, « s g s aass o 7.5 million Ib (sea level)
Prime Conractar, . o oseeassesss Dovslas
P HaMS s sanessvvssnassae RP-
osetant LOX and RP-1 Laogth - enenenasenesnssesS8HE Inches
Propellant Capacily vvevveeeas.$,400,000 10
LOK. svunvaneanssanseess 340,900 qal Diametar (Forward of Intersiage) ., 21 1t B inches
AP-l .o oeueerenrossesnes205,900 gal }
Wixtwe Ratio o/WD), 2,251 w'?: vee.esesnsasssese2l, 0001 lexcludes 7400 W for
sosssnersehe H R see . s.“’s.'v“w-"“'“_
S-1i Stage wolars)

Prime CONtracton .. vosnsesssssNarth Anerican A Ground lgnitisn, s eecsese 262,000 1b texcludes 7400 b

for S-i1/5-1VB interstage and
Lenglh .. vvvsnesenvonnsnsss B R 6 inches - retromoiera)

YT e § 1 1 ENGNE e caenacnccroness - Mocketdyne 32

somight . Tota! Nominal TAUBL o0 assssoss 200,000 ib lvacusm
DfY eevecsosonnocssannes?5.000Ib lencludes 13,800 ib
» for S=IC/S-1 interstage and Propellands . o oovsannsannssss LON SN LHY
ullage motors) Propeltamt Capacity. s cevacense -;:O‘ggo ‘?
Al Ground lgAition, o . oo v sas sl million ib (excludes 13,800 id Lo!"”"""“"""."13'.50:‘
L" l..'..'..'.l....l“ [
Tor S=1C/%~I} intersiage and H
ullage motors) Mixture Ratio (Wo/WN ... 0s0es8il
Engums ceouveconscrse s S; Tocheldyne J-2 .
instrument Unit
Yotal Nonnal Thusl, . oo eu s ss o million Ib (vacuum]
lemw Il'i.l'.ll.-."SFc
Propellamts . . v vesvesscacsss . LOX and LH2
u‘w‘l..ll'l...‘..'.ll..."‘
Propellant Capatity. cevsaosvee 930,000 1
LOX .ecvieersersrenaesB2,700 4! DIl . o esveosson-sssess2] i 8 inches
LHy sveereevssvsnnnnes, 263,000 gal
Walght AL Ground "‘.wh ense -o’soo »
Mistwee Ratio Mo W, s se v, 3}

o
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SOLID ULLAGE ROCKET AND RETROROCKET SUMMARY
]
STAGE TYPE QUANTITY | NOMINAL THRUST | PROPELLANT GRAIN
AND DURATION WEIGHT
S-1C | RETROROCKET 8 75,800 POUNDS = | 278.0 POUNDS
0.541 SECONDS
ULLAGE a 23,000 POUNDSt | 336.0 POUNDS
s-11 3.75  SECONDS
RETROROCKET 4 34,810 POUNDS ¢+ | 268.2 POUNDS -
1.52  SECONDS Iy
S-1VB | ULLAGE 2 3,390 POUNDS **| 58.8 POUNDS
3,87 SECONDS S-1VB
STAGE
ENGINE DATA
o ENGINE NOMINAL THRUST 3?52
STAGE | QTY MODEL EACH TOTAL (MINUTES)
5-1C 5 F-1 1,530,000 | 7,650,000t 2.7 FEET
— S-11
§-11 5 | 9-2 230,000 | 1,150,000 6.5 STAGE
S-IVB 1 J-2 200,000 200,000 15T 2.4
2ND 5.9
STAGE DIMENSIONS STAGE WEIGHTS -
DIAMETER {LENGTH DRY | AT LAUNCH
S-1C Base 63.0 FEET |138 FEET | 287,500 | 4,951,936 _
(including fins) POUNDS | POUNDS s-1¢C
5-1C Mid-stage 33.0 FEET STAGE
S-11 Stage 33.0 FEET |81.5 FEET| 78,050 | 1,086,835
POUNDS | POUNDS AN
S-1VB Stage 21.7 FEET |59.3 FEET| 24,964 | 268,188 C by
POUNDS | POUNDS __| :
Instrument Unit 21.7 FEET | 3.0 FEET| 4,492 4,492 —( —
POUNDS | POUNDS
PRE-LAUNCH LAUNCH VEHICLE
SATURN V STAGE MANUFACTURERS GROSS WEIGHT =~ 6,423,754
STAGE MANUFACTURER POUNDS
5-1¢C THE BOEING COMPANY
. M a
il NORTA APERTCAN-ROCKVELL MINIMUM VACUUM THRUST AT 120°F
t AT 170,000 FT. AND 70°F
S-1ve McDONNELL - DOUGLAS CORP. t NOMINAL VACUUM THRUST AT 60°F
S-1u INTERNATIONAL BUSINESS MACHINE CORP. ** AT 175,000 FT AND 70°F
tt AT SEA LEVEL
NOTE: THRUST VALUES, WEIGHTS, AND BURN TIMES ARE ALL APPROXIMATIONS.

Changed | January 1971
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U TO SPACECRAF

Lbs tiforr

LDS AUTO ABORY

+28 VOO FOR LDS

426 VDC FOR Q BALL

S-1VE ULLAGE THRUSY Ok
GUIDANCE REFLRINCL RELEASE
AGC LIRIOFF -

Q BALL TEMPERATUKL SENSING
S5-11 AND S-1VEE FULL TANK

PRESSURE v
LV ATTITUDL Ki¥LRENCL

FATLURE v
LV RATL LXCESSIVI (v
EDS ABORT RLQUEST v
S-11 START/SEPARATION W
STAGL ENGINLS OUT W

(v = VISUALLY DISPLAYED

STAGE ELECTRICAL NTERFACE FLOW

$-It TO s.tve

+28 vDC FOR RETRO-ROCKET
PRLSSURE TRANSDUCER
S-1vB ENGINE START ENABLE

ngene

U TO STAGES

STAGE ENGINL ACTUATOR COMMANDS

STAGE ENGINL ACTUATOR MEASURING
VOLTAGES

+28 VDC FOR SWITCHING AND
TIMING

STAGE SWITCH SELECTOR SIGNALS

(VERIFY, COMMAND, ADDRESS,
READ, RESET, ENABLE)

STAGEL EDS COMMAND ENGINES OFF

S-1vB ATTITUDE CONTROL SYSTEM
COMMANDS

TELEMETRY CLOCK AND SYNC.

SPACECRAFY TOIU

+28 vDC 10 IDS

LV INGINLS CUTOFF T0 EDS

ATT1TUDE [RROR SIGNAL

Q-BALL PITCH AKD YAW

S-1vB ENGINL CUTOFF

AGC COMMAND POWER

S-1VB IGNITION SEQUINCL
STARY

AUTO ABORY DEACTIVATE ™
INITIATE S-11/5-1VB
SEPARAT ION ™
SPACLCRAFT CONTROL .
DISCRCTE (M
TRANSLUNAR TNJECTION )
INHTELT ™

W= MAKUALLY INITIATED

S-IVB T0O UL

+28 VDC FOR TIMING

SWITCH SELLCTOR ADDRESS
VERIFICATION

ENGINE ACTUATOR POSITIONS

ATTITUDE CONTROL RATE GYROS
SIGNALS

ATT1ITUDD CONTROL ACCELEROMETER
SIGNALS

LOX TANKK PRESSURL

FUEL TANK PRISSURL

RSCR & PD [Bw FIRING UNIT

ARM AND ENGINE CUTOFF ON

ENGINE THRUST OK

TELEMETRY SIGNALS

st YO U

ENGINE ACTUATOR POSITIONS
+2BVDC FOR TIMING

S-1C STAGE SEPARATED

AFT INTERSTAGE SEPARATED
S-11 STAGL SEPARATED

S-11 ENGIKRE OUT

S-11 PROPCLLLANT DEPLETION
SWITCH SELECTOR VERIFY
FUEL TANK PRESSURC

LHGINL THRUST 0K

LOX TANK PRISSURL

$-IC TO WLV

ATTITUDE CONTROL ACCELEROMETER
STGNALS

ATTITUDE CONTROL RATE GYRO
SIGNALS

+28 vOC FOR TIMING

ENGINES oY

OUTBOARD ENGINE CUTOFF

S-11 INGINES START ENABLE

SWITCH SELECTOR ADDRESS
VERIFY

S~10 THRUST OK
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Pt RIORMANCL

TYPICAL CRITICAL EVENT SEQUENCE, FIRST OPPORTUNITY TU
(EVENT TIMES ARE BASED ON AS-503 LAUNCH VEHICLE OPERATIONAL TRAJECTORY
FOR JANUARY 31, 1971 WINDOW, 72.0670 FLIGHT AZIMUTH)

TIME FROM
{HR:MIN:SEC)

FIRST MOTION

TIME FROM
REFERENCE
(HR:MIN.SEC)

EVENT

-0:00:17.3 T4-0.00:17.7 | Giidance Reference Release

0:00:00.0 T1-0:00.00.4 | First Motion

0:00:00.4 71+0:00:00.0 | Liftoff

0:00:01.4 T1+0:00.01.0 | Begin Tower Clearance Yaw
Maneuver

0:00.09.4 71+0:00:08.0 | End Yaw Maneuver

0:00:12.3 T1+40:00:11.9 | Pitch and Roll Initiation

0:01:09.0 T1+40:01:08.6 | Mach 1

0:04:255 T1+0:01:25.1 | Maximum Dynamic Pressure

0:02:15.0 T1+0:02:14.6 | S-IC Center Engine Cutoff

0:02:15.1 T2+0:00:00.0 | Set Time Base 2

0:02:42.8 T2+0:02:22.7 | Begin Tilt Arrest

0:02:44.8 T3+0:00:00.0 | S-1C Outboard Engine Cutoff

0:02:45.3 T3+0:00:00.5 | S-11 Ullage Rocket Ignition

0:02:45. T3+0:00:00.7 | Signal to Separation Devices
and S-iC Retrorockets

0:02:45.6 T3+0:00:00.8 | S-IC/S-il First Plane
Separation Complete

0:02:46.2 T3+0:00:01.4 | S-1! Engine Start Sequence
Initiated

0:02:47.2 T3+0:05:02.4 | Sl Ignition (Start Tank
Discharge Valve Opens)

0:02:49.2 T3+0:00:04.4 | S-1l Engines at Mainstage

0:02:49.8 T3+0:00:05.0 | S-11 Ullage Thrust Cutoff

0:03:155 T3+0:00:30.7 | S-11 Aft Interstage Drop
{Second Plane Separation)

0:03:21.2 T3+0:00:36.4 | LET Jettison (Crew Action)

0:03:25.6 T3+0:00:40.8 | initiate IGM

0:07:43.8 T3+0:04:59.0 | S-11 Center Engine Cutoff

0:07:52.2 T3+0:05:07.4 | MR Shift

0:09:16.67 T4-0:00:00.01 | S-11 Qutboard Engine Cutoff;
Enable Chi Freeze

0:09:16.68 T4+0:00:00:0 | Set Time Base 4;
Begin Chi Freeze

0:09:17.6 T4+0:00:00.9 | S-1VB Ullage Ignition

0:09:17.7 T4+0:00:01.0 | Signal to Separation Devices
and S-11 Retrorockets

0:09:17.8 T4+0:00.01.1 | S-11/S-1VB Separation

0:09:17.8 T4+0:00:01.1 | S-1VB Engine Start Sequence,
First Burn

0:09:20.8 T4+0:00:04.1 | S-IVB Ignition (Start Tank
Discharge Valve Qpens)

0:09:23.3 T4+0:00:06.6 | S-1VB Engine at Mainstage

0:09:25.4 T4+0:00:08.7 | S-1VB Ultage Thrust End

0:09:26.1 T4+0:00:09.4 | End Chi Freeze

0:09:29.5 T4+0:00:12.8 | S-1VB Ullage Case Jettison

0:11:35.6 T4+0:02:18.9 | Begin Chi Freeze

0:11:434 T5-0:00:00.2 | S-iVB Cutolf, First Burn

0:11:43.6 T5+0:00:00.0 | Set Time Base §

0:11:439 75+0:00:00.3 | S-1VB APS Ultage Ignition

0:11:53.4 T5+0:00:09.8 | Parking Orbit Insertion

0:12:03.6 T5+0:00:20.0 | Initiate Maneuver to and Main-
tain Local Horizontal Alignment
{CSM Forward, Heads Down)

0:12:03.7 75+0:00:20.1 | Begin Orhital Guidance

0:12:426 T5+0:00:59.0 | LH2 Continuous Vent Open

TIME FROM TIME FROM
FIRST MOTION | REFERENCE EVENT
(HR:MIN:SEC) |(HR:MIN:SEC)
0:13:10.6 T5+0:01:27.0 | S-1VB APS Ullage Cutott
0:13:24.1 T5+0:01:40.5 | Begin Orhital Navigation
2:21:00.1 Tg+0:00:00.0 | Begin S-1VB Restart Preparations
2:21:42.1 T+0:00:42.0 | O2H2 Burner (Helium
Heater) On
2:21:423 Tg+0:00:42.2 | LH2 Continuous Vent Closed
2:29:16.4 T5+0:08:16.3 | S-1VB APS Ullage Ignition
2:29:16.9 Te+0:08:16.8 | Helium Heater Off
2:30:30.1 Tg+0:09:30.0 | initiate J-2 Fuel Lead
2:30:33.1 T5+0:09:33.0 | S-1VB APS Ullage Cutoff
2:30:38.1 T6+0:08:38.0 | S:1VB Reignition (Start Tank
Discharge Valve Opens)
2:30:40.6 T6+0:09:40.5 | S 1VB Engine at Mainstage .
2:33:55.6 Te+0:11:55.5 | MR Shift (First Opportunity Only)
2:36:33.8 T7-0:00:00.2 | S-1VB Engine Cutoff, Second Burn
2:36:34.0 T7+0:00:00.0 | Set Time Base 7
2:36:345 T7+0:00.00.5 | LH2 Continuous Vent Open
2:36:34.7 T7+0:00:00.7 | Lox Nonpropuisive Vent Gpen
2:36:34.8 T7+0:00:00.8 | LH2 Nonpropulsive Vent Open
2:36:37.6 T7+0:00:03.6 | Flight Control Coast Mode On
2:36:39.0 T7+0:00:05.0 | Enable SC Control of LV
2:36:43.8 T7+0:00:09.8 | Trenslunar Injection
2:39:04.7 T77+0:02:30.7 | Lox Nonpropuisive Vent Closed
2:39:04.9 T7+0:02:30.9 | LH2 Continuous Vent Closed
2:39:04.9 T7+0:02:30.9 | Initiate Maneuver to and Maintain
Local Horizontal Alignment
(CSM Forward, Heads Down)
2:51:34.0 T7+0:15:00.0 ] LH?2 Nonpropulsive Vent Closed
2:51:340 T7+40:15:00.0 | Initiate Maneuver to and Maintain
TD&E Attitude .
3.01:34.0 T740:25:00.0 | CSM Separation (Variable)
3:16:34.0 T7+0:40:00.0 | CSM/LM Docking (Variable)
3:36:344 T7+1:00:00.4 | LH2 Nonpropulsive Vent Open
3:51:34.0 T7+1:15:00.0 | LH2 Nonpropulsive Vent Closed
3:56:34.0 T7+1:20:00.0 | SC/LV Final Separation {Variable)
4:11:34.0 T741:35:00.0 | Initiate Maneuver to and Maintain
(Tg-0:08:00.0) | S-1VB Evasive Attitude (Variable)
4:19:34.0 Tg+0:00:00.0 | Set Time Base 8
4:19:35.2 Tg+0:00:01.2 | S-IVB APS Ullage Ignition
4:20:55.2 Tg+0.01:21.2 | S-1VB APS Ullage Cutoff
4:29:14.2 Tg+0:09:40.2 | Initiate Maneuver to and Maintain
Lox Dump Attitude
4:36:14.0 Tg+0:16:40.0 | LH2 Continuous Vent Open
4:40:54.0 Tg+0:21:20.0 | Start Lox Dump
4:41:14.0 Tg+0:21:40.0 | LH2 Continuous Vent Closed
4:41:420 TY8+0:22:08.0 | End Lox Dump
4:42:54.2 T3+0:23:20.2 | Lox Nonpropulsive Vent Open
4:42:59.0 Tg+0:23:25.0 | LH2 Nonpropulsive Vent Dpen
5:59:34.0° Tg+1:40:00.0° | imliate Maneuver to and Maintain
S-1VB APS impact Burn Attitude
6:29:34.0* T8+2:10:00.0° | S-1VB APS Ullage Ignition
6:33.35.0* T8+42:14:01.0° | S-1VB APS Ullage Cutof{

* Subject to upd

real-time assessment.

ate by DCS guidance commands to the LVDC after

Fipure 2-1

Changed 1 January 1971
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HIGH DYNAMIC PRESSURE/WIND LOADS

The launch vehicle bending moments through the high q
region are dependent on the shape of the wind profile und
*he oricntation of the wind vector with respect to the
sajectory plane. The envelope of inflight bending moments
resulting from the 95 percentile directional winds for
February-April (5.4-7.5 knots) is shown in fipure 2-29. The
critical wind dircction and altitude of peak wind speed are
used to obtain the maximum loads.

CENTER ENGINE CUTOFF LOADS

S-1C center engine cutoff (CECO) is programmed for 135
seconds after first motion, Figure 2-30 shows the axial loud
at CECO. The nominal longitudinal load factor at CECO is
351 gs.

OUTBOARD ENGINE CUTOFF LOADS

S-1IC  outboard cngine cutotf (OBECO)} occurs  at
approximately 162 scconds after first motion. Axial load at
OBECO is shown in figure 2-31. The nominal longitudinal
load factor ut OBECO is 3.75 g's.

ENGINE OUT CONDITIONS

Engine-out conditions, if they should occur, will affect the
vehicle loads. The time at which the malfunction occurs,
which engine malfunctions, peak wind specd and azimuth
orientation of the wind, are all independent variables which
combine to produce loud conditions. Each combination of
engine-out time, peuk wind velocity, wind azimuth, and
altitude at which the maximum wind shear occurs, produces
a unique trajectory. Vehicle responses such as dynamic

essure, altitude, Mach number, angle-of-attack, engine
mbal angles. yaw and attitude angle time histories vary with

S-11 STAGL PROPLLLANT WEIGHT SUMMARY

1 LOX LH2
AS-509 NOMINAL FLIGHY (POUNDS) (POUNDS)
USABLE PROPELLANT 833,951 157,694
MAINSTAGE 828,003 154,222
BI1AS NONE 1,681
THRUST BUILDUP 1,002 484
THRUST DECAY 287 115
PRESSURIZATION GAS 4,659 1,192
UNUSABLE PROPELLANT 3,441 2,100
TRAPPED: 3,343 2,005
ENGINE AND LINES 1,563 244
INITIAL ULLAGE MASS 265 110
TANK AND SUMP (LESS 1,515 1,651
BIAS)

VENTED GAS 98 95
TOTAL 837,392 159,794

Figure 2-23

S-IVB STAGE PROPELLANT WEIGHT SUMMARY
(BASED ON 5.0:1 MR FOR BOTH BURNS)

the prime conditions. Structurc test programs indicate a LOX LH2
posictlive structural margin exists for this malfunction flight AS-500 NOMINAL FLIGHT (POUNDS ) (POUNDS)
condition.
USI(\BLE PROPELLANT 188,273 39,162
INCLUDES NOMINAL
S-‘IC STAGE PROPELLANT WEIGHT SUMMARY PROPELLANT CONSUMPTION ,
FLIGHT PERFORMANCE
LOX RP-1 RESERVE, AND FLIGHT
AS-509 NOMINAL FLIGHT (POUNDS) (POUNDS) GEOMETRY RESERVE)
CONSUMED PROPELLANT 3,269,509 | 1,415,196 FUEL BIAS TO MINIMIZE NONE 430
BUILDUP AND HOLDDOWN 66,073 18,619 RANDOM RESIDUALS
MATNSTAGE 3,189,161 | 1,387,102
THRUST DECAY 5,310 3,361 UNUSABLE PROPELLANT 1,564 3,908
TAILOFF 1,635 414 ORBITAL AND FLIGHT 405 2,493
FUEL BIAS NONE 5,700 BOILOFF
PRESSURIZATION 7,330 NONE SUBSYSTEMS 13 385
ENGINE TRAPPED 108 10
RESTDUAL PROPELLANT 37,017 23,014 LINES AND TANK 366 726
TANKS 2,160 9,898 UNAVAILABLE
SUCTION LINES 32,362 6,478 *BUILDUP TRANSIENTS 553 248
INTERCONNECT LINES 330 NONE *DECAY TRANSIENTS 119 46
ENGINES 2,165 6,339
ENGINE CONTROL NONE 299 *FOR FIRST AND SECOND
SYSTEMS BURNS
TOTAL 3,306,526 | 1,438,210 TOTAL 189,837 43,500

Figure 2-22

2-14

Changed 1 Junuary 1971
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6.6.5 LC"39
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6.7 EXPENDABLE LAUNCH VEHICLES

NS/ Facts

National Aeronautics and
Space Administration

John F. Kennedy Space Center
Kennedy Space Center, Florida 32899
AC 305 867-2468

KSC 135-81

SPACE LAUNCH VEHICLES Revised July 1986

Whatever space mission is undertaken, the vehicle é:arrying the payload must be propelled into space by rocket

power. All unmanned rockets currently used by NASA have more than one stage and are usually referred to as
launch vehicles, The manned Space Shuttle is a unique design, and in a class by itself.

The payload weight and the planned spacecraft destination determine what rocket capabilities are required for
each mission, A low-weight spacecraft designed to operate in near-Earth orbit might be flown aboard NASA’s
smallest space vehicle, the Scout. Sending an Apollo manned spacecraft to the Moon required the massive Saturn V,
The powerful Titan-Centaur combination sent large and complex unmanned scientific explorers like the Vikings and
Voyagers to examine other planets, Atlas-Agenas sent several spacecraft to impact on the Moon, Atlas-Centaurs and
Deltas have launched over 220 spacecraft, in a wide variety of applications that cover the broad range of the national
space program. Of these, only the Scout, Delta, and Atlas-Centaur are still operational,
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ATLAS/AGENA

The Atlas/Agena was a multi-purpose two-stage liquid propellant rocket. It was used to place unmanned space-
craft in Earth orbit, or inject them into the proper trajectories for planetary or deep-space probes.

The programs in which the versatile Atlas/Agena was utilized included early Mariner probes to Mars and
Venus, Ranger photographic missions to the Moon, the Orbiting Astronomical Observatory (OAQ), and early
Applications Technology Satellites (ATS). The Agena upper stage also was used as the rendezvous target vehicle for
the Gemini spacecraft during this series of two-man missions in 1965-1966. In preparation for the manned lunar
tandings, Atlas/Agena launched lunar orbiter spacecraft which went into orbit around the Moon and took photo-
graphs of possible landing sites.

The Atlas/Agena stood 36.6 meters (120 feet) high, and developed a total thrust at liftoff of approximately

1,725,824 newtons (388,000 pounds). It was last used in 1968 to launch an Orbiting Geophysical Observa-
tory (OGO).

SATURN V ”

The Saturn V, America’s most powerful staged rocket, carried out the ambitious task of sending astronauts to
the Moon. The first Saturn V vehicle, Apollo 4, was launched on November 9, 1967, Apollo 8, the first manned
flight of the Saturn V, was also the first manned flight to the Moon; launched in December 1968, it orbited the
Moon but did not land. Apollo 11, launched on a Saturn V on July 16, 1969, achieved the first lunar landing.

Saturn V began its last manned mission on December 7, 1872, when it sent Apolio 17 on the final lunar ex-
ploration flight. It was last used on May 14, 1973, when it lifted the unmanned Skylab space station into Earth
orbit, where it was occupied by three crews for a total of 171 days.

All three stages of the Saturn V used liquid oxygen as the oxidizer. The first stage burned kerosene with the
oxygen, while the fuel for the two upper stages was liquid hydrogen. Saturn V, with the Apollo spacecraft and its

small emergency escape rocket on top, stood 111 meters {363 feet) tall, and developed 34.5 miltion newtons (7.75
million pounds) of thrust at liftoff.

SATURN IB

The Saturn I8 was originally used to launch Apollo lunar spacecraft into Earth orbit, to train for manned
flights to the Moon. The first launch of a Saturn IB with an unmanned Apollo spacecraft took place in February
1966. A Saturn IB launched the first manned Apollo flight, Apoilo 7, on October 11, 1968.

After the completion of the Apollo program, the Saturn IB launched three missions to man the Skylab space

station in 1973. In 1975 it launched the American crew for the Apollo/Soyuz Test Project, the joint U.S./Soviet
Union docking mission. '

Saturn 1B was 69 meters (223 feet) tall with the Apollo spacecraft and developed 7.1 million newtons (1.6
‘million pounds) of thrust at liftoff.

TITAN llI-E/CENTAUR

The Titan 111-E/Centaur, first launched in 1974, had an overall height of 48.8 metess (160 feet). Designed to
use the best features of three proven rocket propulsion systems, this vehicle gave the U.S. an extremely powerful and
versatile rocket for launching large spacecraft on planetary missions.

The Titan |11-E/Centaur was the launch vehicle for two Viking spacecraft to Mars, and two Voyager spacecraft
to Jupiter and Saturn. It also launched two Helios spacecraft toward the Sun. All provided remarkable new informa-

tion about our solar system. The Vikings and Voyagers produced spectacular color photographs of the planets they
explored.

The Titan |1i-E booster was a two-stage liquid-fueled rocket with two large solid-propellant rockets attached.
At liftoff, the solid rockets provided 10.7 million newtons (2.4 million pounds) of thrust, )

The Centaur stage, still in use today, produces 133,440 newtons (30,000 pounds) of thrust from two main
engines, and burns for up to seven and one-half minutes. The Centaur can be restarted several times, which allows for
more flexibility in launch times.
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CURRENT LAUNCH VEHICLES

NASA has four active launch vehicles, the Space Shuttle, Atlas-Centaur, Delta, and Scout. The Kennedy
Space Center launches Atlas-Centaurs and Deitas from pads on the Cape Canaveral Air Force Station, and Space
Shuttles from pads on Kennedy. The NASA Langley Research Center launches Scouts from Vandenberg AFB in
California and Wallops Flight Facility on the east peninsula coast of Virginia. Visiting teams from ltaly sometimes
taunch Scouts from San Marco, 8 man-made platform in the ocean off the east coast of Africa.

Many of the launches conducted by NASA are for commercial organizations, other Federal agencies, other
nations, or multi-national groups such as the International Telecommunications Satellite Organization, NASA is
reimbursed for the cost of the rocket and launch services for such missions.

DELTA

Delta is called the workhorse of the space program, This vehicle has successfully transported over 160 scien-
tific, weather, communications and applications satellites into space. These include the TIROS, Nimbus and 1TOS
weather observers; the Landsat Earth resources technology satellites; the early Intelsat international communications
satellites; and many Explorer scientific spacecraft.

First launched in May, 1960, the Deita has been continuously upgraded over the years. Today it stands 35.4
meters (116 feet) tall. lts first stage is augmented by nine Caster |V strap-on solid propellant motors, six of which
ignite at liftoff and three after the first six burn out 58 seconds into the flight. The average first-stage thrust with the
main engines and six solid-propeliant motors burning is 3,196,333 newtons (718,000 pounds). Delta has liquid-
fueled first and second stages and a solid-propeliant third stage. For most launches today, this third stage has been
replaced by a Payload Assist Module (PAM) stage attached to the spacecraft.

The new PAM upper stage is also used on Space Shuttle launches. It boosts spacecraft from the low Earth
orbit achieved by the Shuttle orbiter into higher ones. Many spacecraft, especially communications satellites, operate
in a geosynchronous {geostationary) orbit some 35,792 kilometers {22,240 miles) above the equator. With the PAM
and a recent change to a more powerful second stage, the Delta can lift some 1,270 kilograms (2,800 pounds) into a
highly elliptical orbit, for transfer into geosynchronous orbit by a motor built into the spacecraft. This is almost
doubie the 680 kilograms {1,500 pounds) a Delta could manage only seven years ago.

Delta vehicles were developed under the direction of NASA’s Goddard Space Flight Center at Greenbelt, Mary-
land, and are built by the McDonnell Dougias Corporation.

ATLAS/CENTAUR

The Atlas/Centaur is NASA’s standard launch vehicle for intermediate payloads. It is used for the launch of
Earth orbital, geosynchronous, and interplanetary missions.

Centaur was the nation’s first high-energy, liquid-hydrogen liquid-oxygen launch vehicle stage. It was devel-
oped under the direction of NASA‘s Lewis Research Center at Cleveland, Ohio, and became operational in 1966
with the launch of Surveyor 1, the first U.S. spacecraft to soft-land on the Moon.

Since 1966, both the Atlas booster and the Centaur second stage have undergone many improvements. At
present, the combined stages can place over 4,530 kilograms (10,000 pounds) in low-Earth orbit, about 2,020
kilograms (4,453 pounds) in geosynchronous transfer orbit, and over 1,000 kilograms (2,205 pounds) on an inter-
planetary trajectory.

4

An Atlas-Centaur stands 41.9 meters (137.6 feet) tall. At liftoff, the Atlas booster develops over 1.9 million
newtons (438,400 pounds) of thrust. The Centaur second stage develops 146,784 newtons (33,000 pounds) of
thrust in a vacuum. General Dynamics/Convair is the prime contractor for Atlas/Centaur.

Spacecraft launched by Atlas/Centaurs include Orbiting Astronomical Observatories; Applications Technology
Satellites; Intelsat IV, 1V-A and V communications sateliites: Mariner Mars orbiters; a Mariner spacecraft which made
a fly-by of Venus and three of Mercury; Pioneer spacecraft which accomplished fly-bys of Jupiter and Saturn; and
Pioneers that orbited Venus and plunged through its atmosphere to the surface.

SCOUT

The Scout lsunch vehicle, which became operationat in 1960, has been undergoing systematic upgrading since
1976. The standard Scout vehicle is a solid-propeilant, four-stage booster system approximately 23 meters {75 feet)

in length with a launch weight of 21,600 kilograms (46,620 pounds) and liftotf thrust of 588,240 newtons (132,240
pounds).
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Launch Failure History
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' Historical

First flight Fallure rate reliability
STS 1981 1/25 96.0%
- Titan (overall) 1964 6/136 95.6%

(T-34D) (1981) (219) (77.8%)
Delta 1960 12/179 93.3%
Atlas-Centaur 1962 6/60 " 90.0%
Ariane 1979 4/18 77.8%
19¢7
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6.7.1 DELTA

THE DELTA
LAUNCH VEHICLE

DELTA DELTAA DELTAB DELTAC

1960 1962 1962 1963
45kg 68 kg 68 kg 82kg
(1001b) (150 1b) (1501b) (180 Ib)

1
%ﬁ

i g

A il g“‘ﬁa %%%

DELTAM DELTAM-8 DELTA904 DELTA2914 DELTA3914

DELTAD DELTAE - DELTAJ
1964 1965 1968 1968 1969 1971 1972 1975
104 kg 150 kg 263 kg 356 kg 454 kg 635 kg 724 kg 954 kg
(230 Ib) (3301b) (580 Ib) (7851b) (1,000 Ib) (1,400 Ib) (1,593 1b) (2,100 Ib)

Over the years, the Delta Launch Vehicle has been improved in its performance and launch-to-orbit capabilities to meet the
needs of the more sophisticated spacecraft systems destined for space. Since 1960, there have been 14 major configura-

tion changes to the launch vehicle. 145
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THE RECORD, 92% SUCCESSFUL

ECHO » 52 INTEL iD (F-4) 103 WESTARB
2 ECHO-1A 53 0OSOD 104 ITOS-G
3 TIROS-A2 54 TOSD 105 SKYNETIIB
4 EXPL-X(P-14) 55 PIONEERC 106 SYMPHONIE A
5 TIROS-A3 56 GEOSB 107 LANDSAT?2
& EXPL-XH (S-3) 57 RAEA 108 SMSB
7 TIROS-4 (D) 58 TOSE 109 GEOSC
8 0S0-1(8-3) 59 INTELIUIA(F-1)- 110 TELESATC
8 ARIEL (S-51 UK1) 60 PIONEERD 111 NIMBUSF
10 TIROS-5 (E) 61 HEOSA 112 OSOi
11 TELSTAR 1 {TSX!) 62 TOSF(ESSASB) 113 COSB
12 TIROS 6 (F) 63 INTEL NIC (F-2) 114 SYMPHONIE B
13 EXPL-XIV (S-3A) 64 OSOF 115 AED
14 EXPL-XV (S-3B) 65 ISIS-A 116 GOES A
15 RELAYA-15 66 INTELNB (F-3) 117 AEE
16 SYNCOM A-25 67 TOSG 118 RCAA
17 EXPL-XVII(S-6)° 68 INTEL HID (F-4) 118 CTS
18 TELSTAR2(TSX2) 69 IMPG 120 MARISATA
19 TIROS 7(G) 70 BIOSD 121 RCAB
20 SYNCOM B (A-26) 71 INTEL NIE (F-5) » 122 NATOIIIA
21 EXPL XVHi (IMPA) 72 0OSOG 123 LAGEOS
22 TIROS8(H) 73 PIONEERE * 124 MARISATB
23 RELAYII(A-16) 74 SKYNETA 125 PALAPAA
24 S-66° 75 INTEL IIiF (F-6) 126 ITOSH
25 SYNCOMC 76 TIROSM 127 MARISATC
26 IMP-B-* 77 NATOA 128 NATOlIB
27 S-3C 78 INTEL G (F-7) 128 PALAPAB
TIROS | (Eye) 79 INTEL llIH (F-8) 130 ESRO GEOS °
« 0S0-B2 80 SKYNETB 131 GOESSB
30 COMSATHS303A 81 ITOSA 132 GMS
31 IMP-C ' 82 NATOB 133 SIRIO
32 TIROSOT1 83 IMPI 134 OTS +
33 0S0C-+ 84’ 1SS B 135 ISEEA/B
34 GEOS-A 85 OSOH- 138 METEOSAT
35 PIONEER-A 86 ITOSB 137 CS
36 OT-3 87 HEOS A2 138 IUE
37 OT-2 88 TDI1A 139 LANDSAT3
38 AE-B 83 ERTSA 140 BSE
39 IMPD 80 IMPH 141 OTS2
40 PIONEERB 91 ITOS-D 142 GOESC
41 TOSA i 92 TELESATA 143 ESAGEOS 2
42 INTEL UA (F-1) 93 NIMBUSE 144 |ISEEC
43 BIOSA 94 TELESATSB 145 NIMBUS-G
44 INTEL UB (F-2) 85 RAE-B 146 NATOIIC
45 TOSB g6 ITOS-E - 147 TELESATD
46 OSOE1 ‘87 IMPJ 148 SCATHA
47 INTELNC (F-3) 88 ITOS-F 149 WESTSTAR-C
48 TOSC 99 AE-C 150 RCA-C
49 IMPF 100 SKYNETIIA «
S0 AIMPE 101 WESTARA
51 BIOSB 102 SMSA * Launch Failures
T.

J» the Delta can place over 2,100 pounds Into geosynchronous transfer orbit,
over 20 times Its original capability. And with the Delta, spacecraft can be placed
into a varlety of orblts. These range from the low earth orbit to the geosynchronous
orbit at an altitude of 22,300 miles where the spacecraft matches pace with the rotat-
Ing earth to remain “on station” over the same point above the equator.
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6.7.2 ATLAS / CENTAUR
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ATLAS/CENTAUR

41.9 METERS (137.6 FEET) TALL — 3 METERS (10 FEET) IN DIAMETER

WITH PAYLOAD, WEIGHS APPROXIMATELY 163,523 KILOGRAMS
{360,500 POUNDS) AT LIFTOFF

ATLAS THRUST, 1,950,074 NEWTONS (438,416 POUNDS) AT LIFTOFF

CENTAUR THRUST, 146,784 NEWTONS (33,000 POUNDS) IN A VACUUM
FOR 7 1/2 MINUTES

Atlas/Centaur vehicles are built by General Dynamics/Convair (GD/C), and launched
by a combined NASA/GD/C team. This two-stage, liquid-fueled vehicle has been
used to launch a variety of scientific and technological spacecraft. These have in-
cluded Surveyors to the moon, Mariners to Venus, Mercury, and Mars, and Pioneers
to Jupiter/Saturn. It has placed Applications Technology Satelliites, and COMSTAR,
INTELSAT, and FLTSATCOM communications satellites, into geosynchronous
transfer orbits, The Atlas/Centaur is the most powerful unmanned vehicle now
launched by NASA. In 1984 it was upgraded by lengthening the Atlas stage to
provide larger propellant tanks. The Centaur stage has been improved by substi-
tuting attitude control thrusters powered by hydrazine (used as a mono-propellant)
for ones powered by hydrogen peroxide, and replacing the oxygen and hydrogen
propellant pumps by pressure-fed systems.

The 23.3-meter (76.3-foot) long first stage is an uprated version of the flight-proven
Atlas vehicle used in the national space program since 1959. The Rockwell Inter-
national/Rocketdyne MA-5 engine system burns RP-1, a highly refined kerosene,
and liquid oxygen. The MA-5 utilizes two main engines, a 1,679,120 Newtons
{377,500 pounds) thrust booster engine with two thrust chambers, and a smaller
sustainer with a single thrust chamber that produces 266,900 Newtons (60,000
pounds) thrust. The sustainer nozzle is located between the two larger ones of the
booster engine. Two small vernier engines which help control the vehicle in flight
are also burning at liftoff, for a total thrust of 1,950,074 Newtons (438,416 pounds).
Total weight at liftoff is about 163,523 kilograms (360,500 pounds).

An unusual feature of the Atlas vehicle is its ‘‘stage-and-a-half’ construction. All
five thrust chambers are burning at liftoff, After more than 2.5 minutes of flight
the booster engine cuts off. This engine and its supporting structures are jettisoned,
deleting a large portion of the structural weight of this stage. The sustainer and
vernier engines continue to burn until the propetlants are gone, at about 4.5 minutes.
This means an Atlas retains most of the weight reduction advantage gained by
jettisoning a used-up stage, but does not have to ignite its engines in flight, as a
separate stage must.

The only radio frequency system on the Atlas is a range safety command system,
consisting of two receivers, a power control unit, and a destruct unit. The Atlas
can be destroyed in flight by ground control if necessary, but otherwise receives
all its control directions from the Centaur stage.

The Centaur stage sits above the Atlas, on a banel-shaped interstage adapter. The Atlas and Centaur separate two ot three
seconds after the Atlas buins out. Eight small retrorockets near the bottom of the Atlas fuel tank then back this stage

away from the Centaur.

The Centaur stage is 9.1 meters (30 feet) in length without the fairing on top. Exclusive of payload, it weighs about
17,700 kilograms (39,000 pounds) when loaded with propellants. The main propulsion system consists of two Pratt

& Whitney engines burning liquid

oxygen and liquid hydrogen, producing 146,784 Newtons (33,000 pounds) thiust

in the vacuum of space in which they are designed to operate, These engines can be stopped and restaited, allowing the
Centaur to coast to the best point from which to achieve its final trajectory before igniting for another buin. While coast-
ing, the stage is controlled by 12 small thruster engines, powetred by hydrazine., These hold the stage steady and pyovide
a small constant thrust to keep the propellants settled in the bottom of their tanks, a necessity for a second or third

burn.

A cylinchical nose fairing with a conical top sits on the:hgemaur and piotects the spacecraft. Total vehicle height is 41,9

ters (137.6 feet). Both stages are thiee meters (10 tee
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The Centaur electronic packages are mounted in a circle around a conical equipment module, located above the upper
tank., An adapter on top of this module connects to the payload adapter on the bottom of the spacecraft. These elec-
tronic packages provide an integrated flight control system which performs the navigation, guidance, autopilot, attitude
control, sequence of events, and telemetry and data management functions for both the Atlas and Centaur stages. The
heart of this system is a Digital Computer Unit (DCU), built by Teledyne. The DCU sends commands to control most
planned actions, including all but items one, two, and five in the table following. The DCU receives guidance information
from a combination of sensors called the Inertial Measurement Group, built by Honeywell, and sends steering commands

to all Atlas and Centaur engines. The Centaur also has a ground-controiled destruct system similar to that on the Atlas, in
case the vehicle must be destroyed in flight.

The Centaur uses the most powerful propellant combination available, has a light-weight structure, and an engine burn

time of up to 7 1/2 minutes, the longest of any upper stage now in service. This gives it the most total energy for its size of
any stage yet built.

The following table provides a list of the major events that will occur during the flight,

Time After Altitude Distance Downrange Velocity

Event Liftoff {Kilometers) (Miles) (Kilometers) (Miles) {Kilometers} {Miles)

Liftoff T+0 - - - - — _— - _-——- -

Atlas Booster 2 min 35 sec 60 37 90 56 9,011 5,599
Engine Cutoft

Jettison Atlas 2 min 39 sec 63 39 98 61 9,125 5,670
Booster Engine

Jettison Centaur 3 min Osec 82 51 151 94 9,746 6,056
Insulation Panels

Jettison Nose Fairing 3 min 44 sec 114 71 277 172 11,312 7,029

Atlas Sustainer/Vernier 4 min 32 sec 143 89 436 271 13,662 8,489
Engines Cutoff

Atlas/Centaur 4 min 35 sec 143 89 444 276 13,670 8,494
Separation

First Centaur Main 4 min 45 sec 150 93 483 300 13,646 8,479
Engines Start

Centaur Main Engines 9 min 56 sec 164 102 2,094 1,301 26,799 16,652
Cutoff .

Second Centaur Main 23 min 58 sec 161 100 8,230 5,114 26,847 16,682
Engines Start

Second Centaur Main 25 min 35 sec 177 110 9,035 5,614 35,414 22,005
Engines Cutoff

Centaur/Spacecraft 27 min 50 sec 288 179 10,309 6,406 7 35,056 21,783

Separation

These numbers may vary, depending on exact launch date, launch time, and spacecraft weight.

NOTE: The final velocity of 35,414 kilometers {22,005 miles) per hour places the spacecraft in a transfer orbit, with an
apogee of 35,782 kilometers (22,234 miles) and a perigee of about 161 kilometers {100 miles). The Air Force then
assumes control of the spacecraft. At an apogee chosen by Air Force controllers, the on-board apogee kick-motor will be
fired to circularize the orbit at geosynchironous altitude, about 35,789 kilometess (22,238 miles) above the equator. It
will then be “drifted” to its assigned place in the FLTSATCOM global network. The spacecraft will have a final velocity
of about 11,071 kilometers (6,879 miles) per hour. It will complete one orbit every 24 hours, and so move back and

forth above the same area on both sides of the equator.
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General Dynamics Cites Launch
Candidates for Atlas G/Centaur

San Diego—Genera! Dynamics has identi-
fied 45 satellites as high-priority objec-
tives in its renewed marketing campaign
for commercial launches between 1989
and 1994 with an Atlas G/Centaur, which
will have a payload fairing sized to accom-
modate space shuttle and Ariane 4-class
payloads.

The company is talking to 10 potential
customers about possible launch of about
15 spacecraft during the tive-year period,
Alan M. Lovelace, general manager of Gen-
eral Dynamics’ space systems division,
said. Nearly all of the satellites are com-
munications spacecraft, and about 70%
are domestic payloads.

General Dynamics’ market projections
show there are 27 firm payloads to be
launched during the five-year period in the
payload weight class of the Atlas G/Cen-
taur—3,500-5,200 ib. to geosynchro-
nous transfer orbit.

In addition to the 27 firm spacecraft,
there are an estimated 22 additional satel-
lites that are planned replacements for
existing spacecraft and nine more that are
“possible” payloads. The total of 58 satel-
lites, uncommitted to a launch vehicle, in-
clude government satellites and domestic
and international commercial payloads.

General Dynamics reevaiuated the com-
mercial launch vehicle market after the
company was not selected to develop the
Air Force’s medium-taunch vehicle (MLV).
Company officials said a launch rate of
three satellites per year beginning in
1589 would be an acceptable rate for the
Atlas/Centaur in launches from Pad 36B
at Cape Canaveral AFS, Fla.—which could
support up to five launches with a surge to
six launches per year.

Launch Pad 36A, which was used for
development work on the shuttle-Centaur
program, could be reactivated for Atlas
launches as a growth option.

Lovelace said General Dynamics has re-
ceived a memorandum of understanding
{rom the Air Force which the Air Force said
should enable the company to proceed
with commercial launch vehicle planning
and more detailed discussions with poten-
tial customers.

In addition to the Air Force commercial-
ization agreement, General Dynamics ex-
pected formal approval last week of an
agreement with NASA headquarters on s
sues such as tooling, equipment, manufac-
turing. inancial arrangements and liabil-
ity.

An anclllary agreement for launch ser-
vices may be completed in April.

The Atlas G/Centaur will be offered with
payload fairing diameters of 10 11, 10.8

fi. and 13.8 ft. The 10-1t. shroud is the
same size BS the present fairing, while the
10.8-1t. shroud has been sized to accom.
modate payload assist module (PAM-D2)
class payloads and payloads designed for
Ariane 2 and 3 fairing sizes.

Payload weight performance with the
largest fairing would be reduced by about
400 Ib. as a resu't of increased aerody-
namic drag and the mass of the larger
structure. O

d . Dalindy
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Atlas G/Centaur

Atles G/Centaur/LP,

Comparison of present General Dynamics
Atlas G/Centaur launch vehicle, left, and
the planned Atlas G/Centaur booster with »
13.8-it.-dia. payload fairing is shown in
drawing The new launch vehicles, designed
to boost payloads of up to 4,800 Ib. to
geosynchronous transfer orbit, would be
svailable beginning in 1989,
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There are four versions of the Titan 11}
launch vehicle. The 1B and 11D are
launched from Vandenberg Air Force Base,
and the I11C and IIIE from Cape Canaveral,
The core vehicle with SRMs is the most
powerful launch vehicle developed by the
Air Force. The Titan VI E, with Centaur
payload shwroud four feet wider than booster
stages, has 2 hammerhead shape that is
unique in today’s launch vehicles.

Two strap-on solid fuel rockets {Stage O):
two motors, powdered aluminum and
ammoniurm perchlorate fuel, burn duration
122 sec, thrust 2.4 million 1b.

Two-stage tiquid propulsion core vehicle:
ige |, two engines, hydrazine,
unsymmetrical dimethylhydrazine, and
nitrogen tetroxide fuel, burn time 148 sec,
thrust 520,000 Ib. Stage 11, one engine,
hydrazine, unsymmetrical
dimethylhydrazine, and nitrogen tetroxide
fuel, burn time 208 sec, thrust 101,000 !b.

High-energy restartable upper stage
developed by NASA: two engines, liquid
hydrogen and liquid oxygen fuel, capability
of multiple starts, total burn time 433 sec,
thrust 30,000 Ib. ’

’

Centaur Standard Shroud: 58 ft long and
14 ft diameter, required for enclosing
Viking spacecraft and Centaur for liftoff
and ascent; developed by NASA,

LI lr"‘

Inertial reference unit with four-gimbal,

all-attitude-stable platform, stabilized by
three gyros; advanced high-speed digital

computer, .

INTENTIONALLY BRANK

160 FEET

1,416,000 POUNDS -
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at—— 30 FEET —8»

- PAYLOAD SHROUD

Diameter: 14 ft

Length: 58 ft

Weight: 71001b
Paytoads: Up te 12,000 1b

GUIDANCE SYSTEM

Inertial Refer.encc Unit,
4-Gimbal Platform

CENTAUR-THIRD STAGE

Diameter: 10 ft
Length: 31.5ft
Weight: 35,0001b
Fuel: LH; and LO,

INTERSTAGE ADAPTER

Diameter: 10 ft
Length: 9.5 ft

TITAN {1l SECOND STAGE

Diameter: 10 ft

Length: 23 ft

Weight: 81,400 Ib

Fuel: hydrazine, unsymmetrical
dimethylhydrazine, nitrogen
tetroxide

TITAN Il FIRST STAGE

Diameter: 10 ft

Length: 63 ft

Weight: 277,000 Ib

Fuel: hydrazine, unsymmetrical
dimethylhydrazine, nitrogen
tetroxide

STAGE 0 SRMs

Diameter: 10 ft

Length: 85 ft

Weight: 507,000 ib each
Fuel: powdered aluminum
and ammonium perchlarate
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¢ PO. Box 179, DENVER, COLORADO 80201 B

7~ UBLIC RELATIONS (303) 977-5364 )

3
Lo

S WA

FACT SHEET
TITAN Il Space Launch Vehicle

PROGRAM | Titan Il space launch vehicle
CUSTOMER U.S. Air Force, Sﬁace Division
Los Angeles, California
CONTRACT VALUE $615 miliion
) CONTRACT STATUS Martin Marietta's Space Launch Systems

company is under contract to refurbish 13
government-owned Titan II ICBMs for use as
space launch vehicles. The contract,
awarded in January 1986, runs through
September 1995.

MARTIN MARIETTA ROLE Martin Marietta is converting the Titan IlIs
] from ICBMs to space launch vehicles. Tasks
(5 . include modifying the forward structure of -
- the second stage to accommodate a 10-foot
diameter payload fairing with variable
Tengths; manufacturing the new fairings plus
payload adapters; refurbishing the Titans'
liquid rocket engines; upgrading the
inertial guidance systems; developing
command, destruct and telemetry systems;
modifying Vandenberg Air Force Base Space
Launch Complex-4 West to conduct the
launches; and performing payload integration.

DESCRIPTION ' The Titan II space launch vehicle is a
modified Titan II ICBM. It consists of two
stages, a payload adapter and payload

e - fairing.
PURPOSE To provide low-cost, Tow- to medium-weight
launch capability into low polar orbit.
FIRST STAGE Length: 70 feet
Diameter 10 feet
Engine Thrust: 430,000 pounds
(more)
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Titan Il Fact Sheet -- Page 2
Q]: SECOND STAGE

GUIDANCE

PAYLOAD FAIRING

LIQUID ROCKET ENGIMES

CAPABILITY

BACKGROUND

TIMETABLE

September 1987

Length: 40 feet

Diameter: 10 feet

Engine Thrust: 100,000 pounds
Inertial with digital computer
Subcontractor: Delco Electronics
Diameter: 10 feet

Lengths: 20 to 30 feet

Skin and stringer construction, tri-sector
design

Subcontractor: McDonnell Douglas

Refurbished Titan II ICBM engines
Subcontractor: Aerojet TechSystems Co.

The Titan II will be able to 1ift about
4,800 pounds into a 100 nautical mile
circular orbit.

Martin Marietta built more than 140 Titan
ICBMs, once the vanguard of America's
nuclear deterrent force, for the Air Force.
Titan IIs also were flown as space launch
vehicles in MASA's Gemini manned space
program in the mid-1960s.

Deactivation of the Titan Il ICBM system
began in July 1982, The last missile was
taken from its silo at Little Rock Air Force
Base, Arkansas, on June 23, 1987,
Deactivated missiles are in storage at
Morton Air Force Base in San Bernadino,
California. Martin Marietta is responsible
for transporting the Titan IIs from
California to its facilities in Denver.

The Air Force requires an initial launch
capability of a Titan II space launch
vehicle in April 1988 from Vandenberg Air
Force Base, California, with subsequent
launches continuing into 1995.

###
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MAFTT IN MARIETTA

* SPACE LAUNCH SYSTEM

¥W.0. Box 179, DENVER, COLORADO 80201

MARTIN MARIETTA

" 1BLIC RELATIONS (303) 977-5364

PROGRAM
CUSTOMER

COMPANY ROLE

CONTRACT STATUS

DESCRIPTION

FACT SHEET
TITAN 340

Titan 34D

U.S. Alr Force, Space Division
Los Angeles, California

Martin Marietta, along with its associates,
designs and builds the Titan 34D for the Air
Force. Martin Marietta 1s responsible for
the first and second stages, along with
systems integration and launch support
services.

The company has built and delivered 15 Titan
34Ds to the Air Force.

The Titan 34D is a space launch vehicle in
the Titan launch vehicle family that has .
been the Air Force's principal launch system

for 20 years.

The common core vehicle consists of two
11quid-propellant booster stages that are
the central propulsion element. Twin
10.2-foot diameter solid-propellant rocket
motors are attached to each side of the -
first stage and provide additional thrust
during the boost phase. The Titan 34D uses
five-and-one-half-segment solid rocket
motors.

The Titan 34D currently flies with a 10-foot
dfameter or 10.5-foot diameter payload
fafring (payload enclosure). The length of
the payload fairing varies from 15 feet to
60 feet, depending on the payload.

The Titan 34D accommodates a variety of
specialized upper stages. It is currently
launched using inertial guidance with a
Transtage, or using radio guidance with no
upper stage. It can be configured for a
variety of orbits, multiple payloads, and
complex mission operations.

(more)
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‘ Page 2 -- Titan 34D Fact Sheet .
LAUMCH SITES- ~ The Titan 34D is launched from both

T Vandenberg Air Force Base, California, and
’ Cape Canaveral Air Force Station, Florida.
OVERALL LENGTH Up to 161.9 feet (depending on configuration)
OVERALL WEIGHT ) Up to 759.8 tons, plus payload
THRUST AT LIFTOFF 2.8 million pounds
SOLID ROCKET MOTORS (2) Length: 90.4 feet
Diameter: 10.2 feet
Motor Thrust: 1.4 million pounds per
motor
Weight: 552,000 pounds per motor
Propellants: solid
Contractor: United Technologies
} FIRST STAGE Length: 77.8 feet
Diameter: 10 feet
Engine Thrust: 529,000 pounds
Propellants: liquid*
_ Stage Contractor: Martin Harietta
SECOND STAGE Length: 31 feet
Diameter: 10 feet
- Engine Thrust: 101,000 pounds
(. Propellants: 1iquid*
h Stage Contractor: HMartin Marietta
PAYLOAD FAIRING Diameter: 10 feet
' Lengths: 15 to 60 feet
Diameter: 10.5 feet
Lengths: 40 to 55 feet
CAPABILITIES | The Titan 34D can deploy single or multiple

satellites to low, transfer, or
geosynchronous Earth orbits, as well as on
deep space or interplanetary flights. It
also offers compatibility with many Shuttle
payloads.

The Titan 34D can deliver up to 31,650
pounds (14,360 kilograms) into low-Earth
orbit when launched from Cape Canaveral,
Florida. Using a Transtage, it can place
4,200 pounds (1,905 kilograms) into
geosynchronous orbit.

When launched from Vandenberg AFB,
California, the Titan 34D can deliver a
27,000-pound (12,247-kilogram) spacecraft
into a 100-nautical-mile polar orbit.

*Fuel: Aerozine 50
Oxidizer: nitrogen tetroxide

{more)
161



Page 3 -- Titan 34D Fact Sheet
PAST PERFORMANCE

BACKGROUND

ASSOCIATE CONTRACTORS

January 1988

The first Taunch of a Titan 34D, with a
payload of two high-performance military
communications satellites, occurred in
October 1982. As of January 1988, there had
been 11 Titan 34D launches.

The U.S. Air Force Titan I intercontinental

- ballistic missile (ICBM) system was the

first product of Martin Marietta in Denver,
Colorado. Titan I was followed by the Titan
II ICBM, which evolved into a space launch
vehicle in the 1960s. Man-rated for the
Gemini program, Titan II launched the space
program's 10 two-man Earth-orbiting missions
during 19 months in 1965 and 1966.

Titan III began service in 1964. To date it
has delivered more than 200 payloads into
Earth orbits or on missions to the Sun and
planets. Titan IIls were employed to launch
the Viking spacecraft to Hars in 1975 and
the Voyager deep-space probes in 1977.

In June 1977, the Air Force awarded Martin
Marietta a contract for the Titan 340.

United Technologies, Chemical Systems
Division (solid rocket motors)

Aerojet TechSystems Co. (1iquid-propellant
engines)

General Motors' Delco Systems Operations
(Tnertial guidance components for Transtage)
McDonnell Douglas Astronautics Co. (payload
fairing for East Coast launches)

Western Electric Corp. (radio guidance
system)

Lockheed Missiles & Space Co., Inc. (Agena
upper stage and payload fairing for West
Coast launches and the Agena upper stage)

#i#4
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MARTIN MARIETTA
SPACE LAUNCH SYSTEMS
‘P.O. Box 179, DENVER, COLORADO 80201

MARTIN MARIETTA

. 3LIC RELATIONS (303) 977-5364

PROGRAM
CUSTOMER

CONTRACT VALUE
MARTIN MARIETTA ROLE

CONTRACT STATUS

DESCRIPTIONM

PAYLOAD CAPABILITY

LAUNCH SITES

FACT SHEET
TITAN IV

Titan IV -

U.S. Air Force, Space Division
Los Angeles, California

Approximately $4.4 billion

Martin Marietta Space Launch Systems is
responsible to the Air Force for
development, production, and launch services
for the Titan IV space launch vehicle.

In February 1985, Martin Marietta was chosen
by the Air Force to build and launch ten
Titan IVs. The program was expanded to 23
vehicles in August 1986.

The Titan IV is a growth version of the
Titan 34D space launch system, with
stretched first and second stages,
seven-segment solid-propellant rocket
motors, and a 16.7-foot diameter payload
fairing. The Titan IV launch system
includes a modified Centaur G-prime upper
stage, and also nay be flown with an
Inertial Upper Stage (IUS), or no upper
stage. Overall length of the system is 204
feet when flown with an 86-foot payload
fairing. In 1991, upgraded three-segment
solid rocket motors will be added as an
element of the Titan IV system.

The Titan IV Centaur is capable of placing
10,000-pound payloads into geosynchronous
orbit, 22,300 miles above the Earth. The
Titan IV system also is capable of placing
39,000 pounds into a low-Earth orbit at 28.6
degrees inclination or 32,000 pounds into a
low-Earth polar orbit. The addition of the
solid rocket motor upgrade will enhance
performance by approximately 25 percent.

The Titan IV will be launched from Cape

Canaveral Air Force Station, Florida, and
Vandenberg Air Force Base, California.

(more)
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SOLID ROCKET MOTORS (2) Length: 112 feet
Diameter: 10 feet
Motor Thrust: 1.38 million pounds per
motor (peak vacuum)
Weight: 692,000 pounds
Propellants: solid--polybutadiene

acrylic acid
acrylonitrile (PBAN)
composite which uses
powdered aluminum fuel
and ammonium perchlorata
oxidizer

Contractor: Chemical Systems
Division, United
Technologies Corp.

UPGRADED SOLID ROCKET (2) Length: 112.4 feet
MOTORS . Diameter: 126 inches
Motor Thrust: 1.7 million pounds per
motor {peak vacuum)
Weight: 759,000 pounds
Propellant: solid, 88 percent
hydroxyl terminated
polybutadiene
Contractor: Hercules Aerospace
FIRST STAGE Length: : 86.5 feet
Diameter 10 feet
Engine Thrust: 548,000 pounds (full
duration average)
Propellants: hypergolic

1iquid--Aerozine-50
(hydrazine and
unsymmetrical '
dimethyl-hydrazine) fuel
and nitrogen tetroxide

oxidizer
Contractor: Martin Marietta
SECOND STAGE Length: 32.7 feet (bottom of

engine nozzle to top of
forward skirt)

Diameter: 10 feet

Engine Thrust: 105,000 pounds (full
duration average)

Propellants: hypergolic

liquid--Aerozine-50 and
nitrogen tetroxide

Contractor: Martin Marietta
MODIFIED CENTAUR G-PRIME Length: 29.45 feet
UPPER STAGE Diameter: 170 inches
- Engine Thrust: 33,000 pounds
Propellants: cryogenic--1iquid oxygen

and liquid hydrogen
Stage Contractor: General Dynamics Space
Systems
(more)
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INERTIAL UPPER STAGE

GUIDANCE

PAYLOAD FAIRING

LAUNCH WEIGHT
BACKGROUND

TIMETABLE

TEAM MEMBERS

‘November 1987

-3-

Length: 17 feet
Diameter: flares from 90 to 114
: inches
Engine Thrust: 42,000 pounds/17,500
) , pounds
Propellants: solid--hydroxyl
terminated polybutadiene
Contractor: Boeing Aerospace Co.

Inertial with digital computer
Contractor: Delco Systems
-. Operations, General
— Motors Corp.

Length: 56-86 feet

Diameter: - 200 inches

Aluminum isogrid construction, trisector
-design

Contractor: McDonnell Douglas

Astronautics Co.

Approximately 1.9 million pounds

The Titan IV is the latest addition to a
family of Titan launch vehicles that has
compiled an unsurpassed record. The Titan
II1 has successfully completed 131 of 136

" operational launches for a 96.3 percent
‘success rate.

The Air Force plans the initial launch of a
Titan IV in late 1988, with a projected
launch rate of 10 vehicles per year in the
1995 fiscal year.

Subcontractors

*Aerojet TechSystems Co., Sacramento,
CA--1iquid rocket engines

*Chemical Systems Division, United
Technologies Corp., San Jose, CA--solid-
rocket motors

*Hercules Aerospace Co., Magna, UT--solid
rocket motor upgrade

*Delco Systems Operations, General Motors
Corp., Goleta, CA--inertial guidance
*General Dynamics Space Systems, San Diego,
CA--modified Centaur G-prime upper stage
*McDonnel1l Douglas Astronautics Co.,
Huntington Beach, CA--payload fairing
*Spacecraft, Inc., Huntsville,
AL--instrumentation

*Cincinnati Electronics Corp., Cincinnati,
OH--command receivers

Associate Contractor
*Boeing Aerospace Co., Seattle, WA--IUS
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. MARTIN MARIETTA
{+ COMMERCIAL TITAN, INCORPORATED MARTIN MARIETTA
PO. Box 179, DENVER, COLORADO 80201

-“" 1JBLIC RELATIONS (303) 977-5364

FACT SHEET
COMMERCIAL TITAN

PROGRAM Commercial Titan

COMPANY ROLE Martin Marietta Commercial Titan, Inc., is
offering a version of the Titan III space
Taunch vehicle for launches of commercial
satellites. The Commercial Titan can place
payloads in excess of 31,000 pounds into
Tow-Earth orbit, and launch most large
communications satellites two at a time.

CUSTOMERS Martin Marietta signed its first contract
for Commercial Titan launch services on
August 10, 1987, with the International
Telecommunications Satellite Organization
(INTELSAT). The contract calls for the
launch of two INTELSAT VI communications
satellites in 1982 and 1990.

. : On September 14, 1987, Martin Marietta

b signed a contract with Hughes
Communications, Inc., representing Japan
Communications Satellite Company, to launch
the JCSAT-2 communications satellite on a
Commercial Titan in 1989. JCSAT-2 will be
paired with a British military
communications satellite in the Skynet 4
series, which Martin Marietta will launch
for the British Ministry of Defence.

DESCRIPTION The Commercial Titan is a member of the
Titan launch vehicle series that has been
the Air Force's principal launch system for
20 years. Titans also have flown missions
for the National Aeronautics and Space
Administration.

The common core vehicle consists of two
1iquid-propellant booster stages that are
the central propulsion element. Twin
10.2-foot diameter solid-propellant rocket
motors (SRMs) are attached to each side of
the core vehicle and provide additional
thrust during the boost phase. The
Commercial Titan launch vehicle uses
five-and-one-half-segment SRMs.

(more)
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DESCRIPTION (cont.)

SOLID ROCKET MOTORS (2)

FIRST STAGE

SECOND STAGE

PAYLOAD FAIRING
AND EXTENSION MODULE

AFT PAYLOAD CARRIER

LAUNCH SITE

PAST PERFORMANCE

-2-

4Martin Marietta 1s using a 13.1-foot

diameter payload fairing for the Commercial

Titan.

The Commercial Titan launch vehicle can
accommodate a variety of specialized upper
stages, and can be configured for a variety
of orbits, multiple payloads, and complex

mission operations.

Length:
Diameter:
Motor Thrust:

90.4 feet

10.2 feet

1.4 million pounds per
motor

Weight: 552,000 pounds per motor
Propellants: UTP-300018 solid
Contractor: United Technologies
Length: 78.6 feet

Diameter: 10 feet

Engine Thrust: 546,000 pounds
Propellants: Aerozine 50, nitrogen

Stage Contractor:

tetroxide
Martin Marietta

Length: 32.7 feet

Diameter: 10 feet

Engine Thrust: 104,000 pounds
Propellants: Aerozine 5C, nitrogen

Stage Contractor:

tetroxide
Martin Marietta

Diameter: 13.1 feet (4 meters)
Overall Length: up to 52.5 feet
Contractor: Contraves AG (for the
payload fairing)
Length: 18.3 feet (5.6 meters)
(Yow-Earth orbit)
16 feet (4.8 meters)
(geosynchronous transfer
orbit)
Diameter: 13.1 feet (4 meters)
Composition: Lightweight graphite

epoxy

Dornier System GmbH

Launch Complex 40 and associated processing
facilities at Cape Canaveral Air Force
Station, Florida.

The first operational launch of a Titan III
was on July 29, 1966. As of October 26,
1987, the Titan IIIl had recorded 131
successful flights in 136 operational
launches for a 96.3 percent success rate.
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BACKGROUND

THE TITAN TEAM

November 1987

-3-

The U.S. Air Force Titan I intercontinental
ballistic missile (ICBM) system was first
produced in 1956 by Martin Marietta in
Denver. Titan I was followed by the Titan
IT ICBM, which evolved into a space launch
vehicle in the 1960s. HMan-rated for the
Gemini program, Titan II launched the space
program's 10 two-man Earth-orbiting missions
during 19 months in 1965 and 1966.

Titan III began service in 1964 and has
delivered more than 200 payloads into Earth
orbits or on missions to the Sun and
planets. Titan IIIs were employed to launch

- the Viking spacecraft to Mars in 1975 and

the Voyager deep-space probes in 1977.

Martin Marietta currently has three Titan
space launch systems in various stages of
production or development. They include the
Titan 1YV, the most powerful Titan vehicle
which w111 be used to launch payloads for
the Air Force as a complement to the Space
Shuttle; the Titan II, which 1s being
converted from deactivated Titan II ICBMs;
and the Titan 34D, another version of the
Titan III that Martin Marietta builds for

the Air Force.

United Technologies, Chemical Systens
Division (solid rocket motors)

Aerojet TechSystems Co. (liquid-propellant
engines)

General Motors' Delco Systems Operations
(inertial guidance components)

Contraves AG (payload fairing)

Dornier System GmbH (payload carrier
assembly)

444
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6.7.4 SHUTTLE DERIVES (SCE)

NASA HLLV STATUS

BRIEFING TO DR. FLETCHER

JUNE 1987

Wﬂlﬁﬂw

9+3378-7-5D

HEAVY LIFT LAUNCH VEHICLE

r

8TS CARGO
ELEMENT
(SCE)

NASA/AFSD

O®NEAR TERM (92-98) - PHASE 8/C

®HIGH RELIABILITY

. @EXISTING SYSTEMS & FACILITIES
®LOW DEVELOPMENT COST (89, 80, 81)
®EVOLUTIONARY TEST BED

®LOW COST/Ib TO ORBIT

© LOW LAUNCH RATE (2-4/YR)

® LOW LBS/YR TO ORBIT

PAGE 1 1O INTENTIONALLY BLANK

ADVANCED LAUNCH
SYSTEMS

AFSD/NASA

® LONGER TERM —~ LATE 90's — PHASE A

® HIGH RELIABILITY

@ NEW FACILITIES & NEW/EVOLVED SYSTEMS
@ HIGH DEVELOPMENT COST-MID $0's
@ ADVANCED SYSTEMS

@ LOWER COST/b TO ORBIT

® HIGH LAUNCH RATE

@ MILLIONS LBS/YR ,
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- ~ SCE Requirements

» Vehicle Needed in Fleet ASAP - 1992/1993

- Space Station Assembly & Logistics

- Enhances Planetary Mission

- STS Offloading/Manifesting

- Leadership Initiatives

- Assured Access for Centaur Class Payloads

- Test Bed for Items such as ASRM, LRB, New Engines
« OMYV Utilized For Payload Deployment/Placement
« Initial Vehicle Flies Expendable Core Used Engines - Refurbished SRB
* Flights - 2-4/Year
» Minimum Performance Required - 85K-220 n.mi. - 28.5 Deg.
» Auxiliary Propulsion for Circularization and Deorbit

» Payload Carrier Volume - Nominal 15'x60" with no Change in Current-
Attach Points (Orbiter to Booster) '
« Unmanned Vehicle - Man Rated

o Launch Capability From ETR or WIR
« Payload Interchangeability Between STS & SCE to be Maintained

SCE VEHICLE REQUIREMENTS
1993-2000

OFFLOADMANIFESTING
FLEXIBILITY/TEST BED

» KEEPS T-IV b STS FLTS/YR REASONABLE
* AVALABLITY OF STS

+ FLY STS FOR MAN ONLY EMPHASIS
LASAM, LRB, ENG. TESTS

INTERNATIONAL COMPETITION

+ CAN BE MARKETED AT CouPETITVE
PAYLOAD RANGES

. R v /—\

GED CAPABILITY
RELIABLE A NEW 18- 20 K CAPABLITY
* LOW DOTSE
'";s"v;o"n'l “
==\

3

H N

i s

! PLANETARY
]

]

]

]

]

SYNERGISTIC |
COSTS FOR ST/SDV
» SDV AVERAGE OR MARGINAL COSTS
* COMPETITIVE COSTAB

/—:\
o MISSION DURATION

) * SOIO START/DEMO
¢ AF GROWTH (7)
*  MISSION OPPORTUNITY
- * SPACECRAFT DESIGN
ASSURED ACCESS
) SPACE STATION

» ALTERNATE TOT-iV
+ SOME DEGREE FORSTS « ASSEMBLY
* LOGISTICS

* DOWN CARGO
» BACKUP CREW
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SCE CONFIGURATION OPTIONS

1 X SSME

2 X SSME
ORBITER BOATTAIL
OERIVATIVE

Iiintela |

2 X SSME
LARGE CARGO COMP.

v
\A#
/__\_
i
ey \
"’B
2 X SSME J
LARGE CARGO COMP. b 1 3 X SSME

I X SSME
LARGE CARGO COMP,

PAYLOAD (SIDEMQUNT]}
3 ENGINES (109%) - 160K
2 ENGINES (100%) - 100K

AR BA
15' X &0

o
36 X 90

LARGt CARGO COMP.

LECTI

SCE COFIGURATIONS

SIDEMOUNT

« STANDARD SR8

+ STANDARD ET

« STANDARDMODIFIED ORBITER BOATTAL
* NEW PAYLOAD CARREER

» STANDARD STS FLIGHT PROFILE

» MINMIZED FACILITY IMPACTS

REQUIREMENTS

*NEEDED ASAP

» MINIMUM PERFORMANCE OF
85 KLB TO 220NW28.5 DEG

|
:

INLINE

» STANDARD SRB
« MODIFIED ET
» NEW PAYLOAD SHROUD,
PAYLOAD ADAPTER, THRUST STR.
« ET CARRIED TO ORBIT
« MODFIED FACUTIES

* PIL INTERCHANGABILITY
WITH STS

« MINIMAL FACILITY IMPACTS
« MINIMUM GOING-IN COST

173

SCE CHOICE

s SIDEMOUNT
* 2 ENGINE
ORBITER
BOATTAIL

*15' X 60' BAY




STS CARGO ELEMENT (SCE)

STANDARD 4-SEGMENT SRB'S (REUSEABLE)
i STANDARD ET (EXPENDABLE)

ORBITER BOATTAIL (EXPENDABLE)

¥ - 2 SSME's (Remove SSME #1)
: - Remove Verticle Stabilizer
] 5 - Remove Body Flap
- Cap SSME #| Fecedlines
. OMS Pods (Do Not Install OME's, RCS Tanks And 4 RCS Thrusters/Pod)

d - RCS Performs Circularization And Deorbit
----- - Cover And Thermally Protect SSME #1 Opening

PAYLOAD CARRIER (EXPENDABLE)

- New Shroud/Strongback

- SkitVSu'inE’er/Ringtsnme Construction Of Al 2219

- 15'X 72 Uscable Payload Space

- 15' X 60’ Changeout On Pad Capability

« AVIONICS

- Uses Mature Design Components From STS And Other Applications
- Requires Some New Integration And Software

R Lk L X S

soms poyun

PERFORMANCE - ETR - 160 NM/28.5° - 114 KLB
- 220 NM/28.5° - 109 KLB

T

1299037

STS CARGO ELEMENT ASCE)
LAUNCH PROCESSING

« PAYLOAD CARRIER
- ORBITER BOATTAIL

*SSME INSTALLATION

*SYSTEMS VERIFICATION

* OPTIONAL PAYLOAD
INSTALLATION

* RSS/PCR PAYLOAD
INSTALLATION
* LAUNCH GOPERATIONS

« SAB STACKING iidize
+ET OPERATIONSMATE . -
*» SHROUD/PA MOOULE-TO-ET MATE < s
’
‘%-_ ) - _/’
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Martin’s ALS Booster Design
Uses Multiple Strap-On Motors

By Bruce A. Smith

Los Angeles—The design Martin Marietta
is studying for the advanced launch sys-
tem (ALS) interim booster has a cryogen-
ic propellant central core vehicle with 4-
10 strap-on monolithic solid rocket
motors, depending on specific mission re-
quirements.

Martin Marietta program officials be-
lieve that the strap-on motors with one-
piece cases instead of the large segmented
designs used on the space shuttle and Ti-
tan booster will significantly decrease the
cost of the ALS and provide flexibility
because of the range of solid rocket motor
thrust available.

Simplified Design

LeRoy F. Nichalson, director of ad-
vanced programs for Martin Marietta As-
tronautics Co., said the motors would be
about 55 ft. long and 8 ft. in diameter.
The pair of large solid rocket motors for
the Titan 34D launcher, by comparison,
are 90 ft. long, 10 fi. in diameter and
produced in segments that are stacked at
the launch site to form a complete motor.

The Martin Marietta ALS motors—
which could be manufactured in large pro-

duction quantities with automated manu-
facturing systems to further reduce launch
system production costs—would be trans-
ported horizontally on a rail car to a
launch site essentially ready for use.

The motors also would have fixed ex-
haust nozzles to further simplify design
and production. Steering at liftoff would
be accomplished through four liquid pro-
pellant engines on the core vehicle, which
would produce about 35% of the total
thrust of the vehicle at launch to provide
adequate steering contro! authority.

James W. McCown, vice president of
advanced programs for Martin Marietta
Astronautics Co., said the strap-on motors
probably would bum for 65-70 sec. to
provide thrust through the period of maxi-
mum aerodynamic pressure.

The interim ALS vehicle would be fully

expendable because of the design require-

ments posed by the reentry environment

and the time required to recover and re-
turn systems to the launch site, which
could slow processing for the next launch.

Core propulsion would be a liquid oxy-
gen/liquid hydrogen system that could
use space shuttle main engines during ini-
tial ALS operations. Cost of shuttle main
engines for use on the expendable interim

Martin Marietta interim design concept for the advanced launch system (ALS) includes
monolithic strap-on solid rocket motors and a cryogenic-core, first-stage propulsion system.
The vehicle. which could be available in the early 1990s, would be capable of placing up to

125,000 lb. of payload into low Earth orbit.

176

AVIATION WEFK & SPACE TECHNOLOGY/Seplember 21, 1887 20



—

ALS could be reduced by selecting en-
gines used on previous space shuttle mis-
sions and manufacturing less costly
engines designed and built to expendable
engine specifications rather than multiple
missions for the shuttle program.

The core vehicle's liquid propellant en-
gines would be ignited initially on the
launch pad, similar to the space shuttle
launch sequence, to ensure the engines are
performing properly prior to ignition of
the strap-on motors. This would enable
launch officials to shut down the liquid
propulsion system and abort the mission if
a system_problem were detected.

Seven Contractors

There are seven contractors working on
one-year advanced launch system design
study contracts from the Air Force,
Boeing Acrospace Co., General Dynamics
Space Systsems Div., Hughes Aircraft
Co., McDonnell Douglas Astronautics
Co., Rockwell International, USBI Boost-
er Production Co. and Martin Marietta.
The advanced launch system program is
aimed at reducing launch costs by a factor
of 10 with innovative concepts covering
the entire launch system.

The Air Force wants to have the ALS
available not later than 1998, but also
would like a partial capability, or interim
vehicle, available to significantly reduce
launch costs by 1993-94. The interim de-
sign—which could use some existing
launch vehicle systems—would be avail-
able in the event a decision were made by
1988 or 1989 to use the system for deploy-
ment of an initial strategic defense system
or deploy structures for the space station.

Initial Design

Initial Martin Marietta design for the
interim and the full-up ALS vehicle,
called the objective vehicle, would have a
common core, although there could be
some changes to the objective vehicle for
higher production rates.

The objective launcher could be a fly-
back booster with a liquid oxygen/hydro-
carbon-—possibly methane—propulsion
system that would separate from the other
section of the launch system at Mach 3
and glide back to Earth. The Mach 3
velocity was selected for staging the fly-
back booster because of the availability of
conventional materials capable of endur-
ing fuselage surface temperatures up to
that velocity. ]

With a Mach-3 separation, a bare alu-
minum alloy skin on the glide-back boost-
er would be able to accommodate short
duration peak temperatures below 300
deg. The return vehicle could have turbine
engines for a go-around capability, but the
Martin Marietta baseline design currently
does not include turbine engines.

A new launch facility would be devel-
oped for the interim and objective boost-
ers, with final assembly and checkout of

the ALS at the launch site using a mini-
mum number of ground crew personnel.
The assembly and checkout facility proba-
bly would be located near Vandenberg
AFB, Calif.,, since Vandenberg will be a
major launch site for the system.

"In addition to the glide-back booster,
Martin is looking at an expendable objec-
tive system similar to the interim vehicle.
The company is studying tradeoffs of pro-
jected launch rates versus the added cost
of making a launcher partially reusable—
since a reusable system would have great-
er potential payoff at higher launch rates.

Martin Marictta favors a simple, less
costly, expendable vehicle, but is continu-
ing to look at both options. “We think it’s
the most important trade,” McCown said.

Another key issue is the tradeoff be-
tween cost and launcher reliability.
McCown said the additional cost to in-
crease the booster’s success rate may be
worth the investment when viewed in
terms of systemwide cost resulting from a
launch failure—including the cost of lost
payloads and those associated with tempo-
rary halting of launch operations. He add-
ed that the cost of the actual launch
vehicle is only about 20-25% of the total
space system cost, including the payload. .

Rocket engines are the area of greatest '
potential savings for launch vehicles,
McCown said, adding that investments
should be made to tool for the production
of rocket engines in the same manner that
jet turbine engines are manufactured for
aircraft. McCown believes investing in de-
creased production costs for rocket en-
gines is preferable to investing in vehicle
complexity for reusability.

Other significant vehicle savings are
possible by application of the latest com-
puter automation technology to launch
systems. There are significant gains to be
made in this area, McCown said, since,
until recently, expendable launch vehicles
were being phased out and it was not
feasible for manufacturers to consider
modernizing the vehicles with the latest
technology in automation. 0
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6.8.1

BOEING STAS

Major Vehicles of
Architectures

NOEING e——

N (o} P
50.8 50.8 70 82 50.8 80 82 50.8
M/R M/R [ [+ M/R c C M/R
R&R' s T
@k 49 30
M/R c
:gg and 3: and
- 4 50.8 82 | 50.8 82 .
M/RIC [+ M/R [+ M/R [+ soIl':
M = Man R = Return C = Cargo Numbers = Payload in KLB
19
R ded Architecture
Overview
SOEING e ]
Vehicl Year
ehiele foes 2000 2005 2010 2015 2020
* STS
(50.8K)
) (s;rgsK)“ e N AT o i 1
* Primary
cargo
(80K)
» Secondary
cargo
(82K)
« Storable TN T S b LTI A DLW 2T 5 i TE o W S Vel SRR AR A A S (AT
0TS
[ ]
e SR ATS BT ERE B AN Y

pAGE_| S INTENTIONAELY BRANK

39

181



Recommended Architecture

3-6-2743

New Launch Vehicles

Primary vehicles

-y
s YT% =z \'ﬁ
== =
Manned . Cargo
RFLY-ROI RFLY-PPA
Payload = 48,900 Payload = 80,050

Recommended Architecture

135

BOEING wem——

Backup vehicles

X =
g —
=)
-Manned Cargo
ECON-ECON ECON-ECON
with CERV Payload = 81,600
3.6-2723

Primary Manned/Return Vehicle

BOEING mm—

‘-’/
niemal e LN

payload bay

AT A

Design approach
» Minimize cosvRignt
+ Fully usable
+ Optimum size
+ Raduced ground and fight
operations cost

o Maximize system rel by

Design featurey

s 2000 10C

o High performance and
design margine

o Full angine oul capability -
both sages

s High degres of redundancy
and fault lolerance

o Extensive sutonomy and
bulit-in test

» Common boosier with
RFLY-PPA

Advanced LO, A, Advanced LO, MC

47
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Recommended Architecture
Secondary Cargo Vehicle

3-6-2725a

SOEING

Expendable paylon\
falring
+ 26175 paylosd

snvelops .

Expendable LO/LH ~
md W \ \‘—’/

o SimilarioS-2

Falln
gt

Expendable LOo/RP-+——"]
first stage A
o Similar to §1-C ——~
\\_ ’I

Recommended Architecture

Primary Cargo Vehicle

7

Design M
o Lowest DDT&E cost
+ Bxsting propuision
« Low risk proven design
+ Fully expendable
« Improved costpound, reliabiiity
compared to current ELVs

Design features

o 1995 10C - minimal risk

« Satum V main engines, configuration
concept ‘

o Cutrent state-ol-the-art lightwelght
structures

o Fault{olerant avionics with increasesd
builtn test

s Payload fairing and stage airframes
designed for sutomated production

GLOW 2,348,800

Payload

49

81,600

3-8-21218

BOEING wm——

payload » Reduced ground and flight
fairing
21’175 payload
— | FA
o

T i \\ h_“!!m
Expandatie ¥‘-+ . 1995 10C
b \ o o High performance and design

— =k,

N = o Booster full anging out
' » High degree of recundarcy
~ P ond fault ilerance
propulsiony S~ » Increased autonomy
works modde = bulltdn test
o Recoversd at » Common booster wih
nrch she —1 A RFLY-RO!
— o Expendable
designed for sutomated
LOgAHymain snginds -
Same as AFLY-ROI
' ml,.vﬁa Advanced LO; HC engines
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Candidate Architectures ‘
Life Cycle Costs
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- Launch Vehicle Cost Per Flight

NOEFING wmm—

[] wmcs
/4 Ground operations 251
D Refurbish hardware

- Expendable hardware

100’: P
" s | N
(burdened) 60 .

“Or e NI,

.-,.v. re W
o R 1 1

RFLY-PPA  RFLY-ROI RFLY-PPA-B  ECON-ECON PSRB-PPA

Launch vehicle

Launch Vehicle Costing
Groundrules and Assumptions

SOFrING wm

» Constant 1986 dollars

Costs include 39% program burden {except fot govt furnished costs)

« DDTAE includes 3 tlight lesis over one year for partiailylully reusable
vehicies and two {light tests over six months for expendabls vehicles

Relurbishment hardware for winged vehicles is priced al 1/2% of the TFU

« Raturbishment hardware for the recovery modules Is priced at 2% ol the TFU

85% learning curve used for sxpendable hardware
* §0% learning curve used for reusable hardware
s Achitecture § sssumes thal the mannad orbiter (RO} and recovery
module (PPA) have common engines as weil as sharing & common
a; L.V“:nuk?c.l:a.d'o (:I:E‘Yh)."'l"m n:tvvo-l‘u‘ygzml costs for the engines and
Al costs are represenied in constant 1986 dollars and include the 39% wraparound factor lor ProgramvGovernmaeni suppoft, prolit and
managemen reserve (excepl for government provided costs). The slandard test program lacior set ouliined in the STAS groundrules
update has been incorporated in our cosung philosophy. Qur vehicle developmenl costs include 3 equivalent sets of hardware lor fully
and panially reusablo vehickes and 2 equivalent sets for expendable vehicles. The costs los 3 thght (ests lor reusable vehicles over 1 year
and 2 lught tests for expendablu vehicies over 6 monihs have been accounted lor in the vehicle development costs. 50% of the
Theoretical First Unit (TFU) has also been addud 1o vehicle development for relurbishment of the light test vehicle. To account for the
€0s1 associaled with hardware componand replacement due 10 Normal wearoul, we've added 1/2% ol the TFU for the winged vehicles
{(RFLY and ROI) and 2% of the TFU lor the recovery madule. In our production Cobis we've assumaed that the expendable hardware
elnnls such as the core tanks and fairing that go wilh i recovery module, Tollow an B5% learing curve and reusable hardware such as
the RELY and 1ccovery moduk: lollow a 90% waming curve  Followng an 85% learning curve means # the kest vt costs $100M, the
second will cost BE% of it or $5M, and the lorth will bu 85% of the sucond or $72.25, and 0 on - With a break in production ol more than s
yuar for any of Ihe vehickes, the next utit pioducud IS assumed to bu eQuivalent 1o the TF U, thus subsequent units are cosiud as ¥ they
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New Technology Prioritization
Recommend Architeture

BSOEING emmmm—

Deita LC | Deita PV IRR
benefit (SM) (%)
(M$S)
« Enabling technologies
1. Advanced LOX/HC engine
2. Reusable LH, tankage and Insulation Always
3. Actuator system for CCV 28700 10819 positive
4. Maneuvering terminal decelerators ) return
* Enhancing technologles
1. Bullt-In test 2617 911 140
2. Automated dala management system 1898 709 115
3. Low cost expendable cryogenic tanks 2055 779 104
(AL-L! application)
4. Multibody ascent CFD i 88 58 89
5. Automated test and Inspeciion 1454 498 61
6. Lightwelght materials for primary 929 332 34
structure (graphite composite fairing)
7. Accelersted loads cycle 247 48 1935
8. Advanced TPS 218 59 16
9. Advanced fault-tolerant computers 106 30 15.5
10. Automated transfer and handling 830 227 15
11. Centralized, secure data base management system 5413 1427 13.5
12. Computer aided software development 2225 552 12.5
13. Expert systems (for flight pianning, 5775 1374 11.5
payload Integration, etc.)
14. Advanced maneuvering propulsion 46 18 11.5
15. Autonomy and adaptive GN&C 716 43 6
Enhancing total 24617 7417
' 57
3-4-2754
Launch Facilities
SOEING wmm—
WTR ETR
Number Facility Number Facility
Facility of capabllity of capability
units | (fiights/year)| units (flights/year)
Launch pad 3 52 4 72
Center core processing facility 2 26 1 13
Tank processing facility (ECON-ECON) 1 12 1 12
Large payload integration facility cell 2 36 1 18
Payload Iintegration facllity (RFLY-ROI) cell 1 16 3 _48
Stacking and Integration cell ) 2 30 4 60
Booster processing facliity 2 50 3 . 75
Orbiter processing facllity 1 15 3 45
P/A module recovery facility 1 260 1 260
Booster/orbiter recovery facitity 1 130 1 130
Firing room (launch processing system) 5 48 8 75
Mobile launcher platform 3 36 5 60
Crawler transporter 2 66 2 66
OTS Processing facility 2 24 2 24

51
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3-4-2/0

Conclusions

SOEING —

« Existing systems:
« Cannot perform the most critical 15% of the mission model
. Are the highest cost approach
» Do not provide assured access
- Require very extensive facilities
<Recommended architecture features:
«STS phased out by 2003
« Fully reusable, small (49K), STS I
. Primary cargo vehicle is partially reusable with flyback booster (80K)
+ STS Il and primary cargo vehicle share flyback booster

* Secondary cargo vehicle (82K)
- Manned assured access capsule (launched by cargo vehicle) -

» One cryogenic and one storable orbit transfer system
« Assured access mission control systems
» Recommended architecture benefits:
« Meets all mission requirements including assured access
« Vehicles have high reliability features
« Highly flexible; readily extendible to, e.g., SDI deployment
«Highest score on resiliency, operational availability, environmental
acceptability, etc. ,
* Lowest cost 5

Recommendations

3-4-2731

WOEING wmmmm—

« Introduce flyback booster cargo vehicle by at least 1995

« Early introduction benefits:
- Early cost payback
- Avoids STS build-up

« Replace STS with fully reusable two-stage STS 1

« Keep cost down by using cargo vehicle flyback booster
(backed up for assured access)

« Begin supporting technology program

61
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3-6-2724

RFLY-ROI Configuration

Thtankum wing and
Advanced RSL body structure -
o Duradle <Ina|shlwmmn
* Lowmarterance /
//: T 798
b ]
\J/ ===0
==
Advanced Hgh temperature . ‘A\
graphite compostte dry
structure 2219 AL booster
and orbiter tankage
(except for orbiter LM tank)
Deploymbunam
e s | |
mx\ \wu :
) ==, A N 7T
—%2 M’ :n(np )
~Sea=d Loz VA !
T 0w (e
|
\7L S
7 \
139.7
m/ LWM mem
Ltz ank talring
143

BOEING rumm———

235 New high Pcgas
y generator cycle LO2AH2
diameter engine (3)
O§ 8 238
LOMCG.G.
booster engine (§) Airbreather engines
H2 coofing for booster ftyback [4)
Characteristic RFLY booster RO Orbiter
Gross Nit-off welght 2,020,000
Payload weight 49,000
Total stage weight 1,272,730 698,349
Usable propeflant 1,068,565 581,279
Inert welght 204,165 117,070
Ideal velocity defta 11,404 18,737
Total ideat velocity 30,141
Number of engines ] 3
Type/propeliants G.G. -LOZMHC G.G.- LO2H2
Rated thrust 426.5K/483.3K | 161.4K/273.3K
ISP 358.55 467
Mixiure ratio 335 6
Chamber pressure 4000
Welght 4200 4500

RFLY-ROI CONFIGURATION

The RFLY-ROILis a manned/return vehicle system featuring a reusable flyback booster and a reusable wmged
orbiter. The booster and core engines run in paraliel during the boost phase. With a gross lift-off weight of
2,020,000 fbs, this system is capable of placing 49,000 Ibs in a 150 nautical mile circular orbit.

The RFLY booster is the same booster as that used for the recommended RFLY-PPA system; reler there for more
details.

The ROl is designed to carry a two-man crew in a cabin located in the nose of the vehicle. Accommodations for
larger crew sizes, if necessary, are achievable via kits localed in the payload bay.

The propulsion system for the ROI consists of three new, high chamber pressure, gas generater cycle LOZLH2
engines incorporating a variable expansion ratio nozzle. These are the same engines described for the PPA core
vehicle on the recommended RFLY-PPA.

The RO orbiter features an aluminum-kthium LO2 1ank and for siruciural and thermal control reasons, a titanium
sandwich - constructed LH2 lank. Advanced high lemperature graphite composite matenials wilt comprise the
majority of the ROl body struclure and wings. The potential strength and weight properties of composites make
them an atiractive option lor a 2000 timelframe vehicle based on performance and cost considerations.

Thermal protection for the orbiter is accomplished with advanced reusable surtace insulation. Durable, low
mainienance ceramic liles will protect the hugh temperalure windward surdaces. Flexible insulation blanket will be
used for the lower heating areas.

Like the RFLY booster, high fault tolerance and increased redundancy are the key leatures of the ROI avionics
subsystem.

Aerodynamically, the orbiter is configured in much the same fashion as the RFLY like the RFLY, it's designed as a
control conligured vehicle. A forward deployable canard is provided for trim control for the subsonic portion of
fight In addition 10 the canard, wing tiplets and aerodynamic control surfaces help lo minimize the size of the

wings.
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ECON-ECON Cargo Vehicle

Expendable payload
falring \
o 25'x75'payload

envelope

Expendable LO;/LH,

second stage
o Similarto $-2

\\

Expendable LO2/RP-1

first stage N
» Similar 1o $1-C ’,

Design approach

» Lowest DDT&E cost
¢ Existing propulsion
« Low risk proven design
+ Fully expendable

o Improved costipound, reliability
compared o current ELVs

Design features

¢ 1995 0C - minimal risk

« SatumV maln engines, configuration
concept

« Current stale-of-the-art lightweight
structures _

¢ Fault-tolerant avionics with Increasesd
built-in fest

+ Payload fairing and stage airframes
designed for automated production

GLOW 2,348,800
Payload 81,600

145

ECON-ECON CARGO VEHICLE

The ECON-ECON vehicle is a conventionally designed fully expendable launch vehicle using the existing Satumn

V first and second stage engines. Achieving a minimal front-end (DDT&E) cos! is the foremost design objectivg” -

for this vehicle concepl. This goat is to be accomplished by using existing propulsion elements, and implementing

a low technical risk, fully expendable proven design approach.

Another design goal for this vehicle is lo improve ils cost per pound and refiability values compared o current

expendabile launch vehicles. The means for atiaining this goal are 1o be found in the use ol fault tolerant avionics

with increased buili-in test capability, and by employing a conventional slate of the arl kghtweight airframe design.

To aid in the reduction of manufacturing (recurring) cosls, the payload fairing and first and second slage airframes

are dasigned to accommodale automated production processes. The goals and design feature described for this

vehicle present a low risk option for a 1995 10C date.

e
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ECON-ECON Configuration

MBOEING wem——
Advanced composite dry bay structure .
{both stages) |
54l
2% ' 27.6 dlameter
e I
N\ 7 N N\
(/] \ / \ /

5
N\
_&i
5
z

-
4
-~
-
4

Ring - siffened stages

GREP payload

falring -

Characteristic First stage ] Sécond stage

Gross litt-off weight 2,348,820
Paylcad weight 81,600
Total stage welght 1,925,370 319,632
Usable propefiant 1,781,066 261,527
Inert weight 144,304 38,105
ideal velocity deita 8358 214
Total ldeal velocity 30,789
Number of engincs 2 1
Type/propellants F1 - 102 /RP-1 §:25-L02 1H2
Rated thrust 1522K/1748K 1265K
ISP 304 436
Mixture falio .27 55
Chamber pressure 982 NA
Welight - 18,620 3800

147

ECON-ECON CONFIGURATION
The ECON-ECON vehicle is a conventionally designed fully expendable cargo vehicle with first and second slage
designs similar to Satwm S1-C and S-2 designs, respectively. With a gross light-off weight of 2,348,820 pounds,
this vehicle is capable of placing about 81,600 ibs into low earth orbit. As implied from its inline configuration, this
is a sedes burn vehicle.

. The lirst stage propulsion sysiem is comprised of two LO2/RP-1 burning F-1 engines. This is an exisling enging
as ornginally used on the Saturn V. The two F@:ngines produce atotal sea level thryst of 3,044,000 Ibs. At ifi-ofl
this results in & thrustweight ratio of 1.296. :l'he second stage is powered by a smgie J:g Lo"MJ-Iz enging, which
is an upgrade of the existing J-2 engina. This engine is capable of delivering 265.006 Ibs. ol vacuum thrust.

All the propellant 1anks are construcied of 2219 aluminum; automated production methods are expected-io ’
minimize their Mlaauﬂm costs. Siructurally, advanced composites have baen selected for the drybays, -and a
ring-stifienad graphile/epoxy composite for this payload laifing; this represents a ightweight approach and the
technology associated with it presents no major problems for the anticipated I0C date. The fairing on this concepl
provides for a 25 h x 75 It payload envelope.

Swme external tank spray-on loam insulation (SOFI) is used over the second stage LH2 tankage. In addition,
ﬂ:’a-uve-lype insulation is employed in locally "hot™ regions'. The first siage does nol require an insulation beyond

a base heat shield necessary 1o protect against plume heating ellects.
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PSRB-PPA Cargo Vehicle

GLOW 3,361,550 'E::gnhuewbad
alnng
Payload 102,500 o 252 75 payiond
onveiops
|
S
|
Impioved SRBS
. GO © Three segment
Expendable core STS SAM
nkage - L & Reduced propellant
. ’ cost
o | o= 0 ® Reduced envirormentdl
’ Impact
® Si
; | | mpfified ground
pryree
Recoverable propulsion/ .\
aviarics modue T~ 5 —
o Recovered st :
mnchsite LOz/LHamain engines
» Improved block  SSME
» Increased Rle, reduced
mainienance
151
PSRB-PPA CARGO VEHICLE

ieusable Propulsion/Avionics module (P/A module). This vehicle Is cost compelitive

Design spproach
® Low DDTSE cost

3-6-2727

SOEING v———

« Modtications of existing

propulsion sysiems
o Lowrisk design

Design Features

The PSRB-PPA is a partially reusable cargo vehicle with Sokd Rocket Boosters, expendable core tankage, and a

because of its low

development cost, moderate recurring costs due lo the recovery and reuse of high cost components, and use of

a new fault tolerant avionics system which contributes 1o a high mission success and recovery rekability.

Low Design and D'evelopmem {DDTS&E) costs result irom the use

the vehicle's relatively low risk design. These fealures aiso enable a 1995 IOC date.

of modified exisling propulsion elements and

Recovary of the engines and avionics, both high cost leverage items on the core stage, is the function of the P/A

module. The P/A module, along with the recovery of the solid rockel boosler ¢asings, will help 10 lower the cost-

per-pound for this vehicle.
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PSRB-PPA Configuration

Jsegmant SAB sollds

* Clean burning propellant (reduce HCI emissions
Advanced composile . o«mmmm' - )
dry bay struciure

6-2726

SOEING w————

27 § diameter

Ring stitfened '
payload
_ Characteristic PSRB boosters |

PPA Core
Gross iihi-off weight 3,961,549
Payload weight 102,500
Total stage weight 2,002,346 1,230,694
Usable propetiant 1,686,704 1,112,719
Inert weight 315,642 112,975
Kieal velocity deta 8229 23,022
Total ideal velocity 31,251
Number of engines 2 2
Type/propeliants 3seg SRBsofids | Block Il SSME
Raled thrust Avevac-1.713x106] /470K
ISP 267 4526
Mixture ratio NA 6
Chamber pressure NA 3000
Waight See above 7000

153
PSRB-PPA CONFIGURATION

The PSRB-PPA is a partially reusable cargo vehicle with two solid rocket booster, expendable core tankage, and a
reusable Propulsion/Avionics (P/A) module. The P/A module, core tankage, and payload fairing are ail conligured
inline for high performance and easy integralion. With a gross lilt-oif weight of 3,361,54916, the vehicle is capable
of ransporting 102,500 ibs of payload 1o a 150 nautical mile circular orbit. Both the SRB's and the core stage fire
their engines dunng the parallel burn boost phase.

Tha solid rockel boosters used are a version of the STS sokid booster; payload requirements diclaled the use of a
three-segment sokid instead of the existing four-segment Shuttie solid. ln addition, the soidr rocket moior
selected have departed from the STS SRM conliguration by incorporating featuses to reduce manufacluring cos!
and o reduce HCI contaminants in the exhaust products. Cost savings are realized by ulilizing a conlinuous
mixing and pouring process. This feawra substantially reduces the time and labor invoived in propeliant loading
and the ground operalions associaled with segment stacking.

The main engine chosen lor the core vehicle is a redesigned block Il indapendent version of the SSME. This
angine incorporates a completely redesigned powerhead to ﬁovide improved lile and mainlenance. This engine
maintains the same physical and functional interfaces as the SSME and has essentially the same periormance.
Both the core propetiant tanks are conslructed of 2219 aluminum; aulomated production methods are expecled
fo minimize their manufacluring cost. Stnucturally, advanced composiles have been selected lor the drybay
regions, anda ring-stilened graphite/epoxy composite for the payload lairing. The fairing provides lor a 25 fi by

75 h payload envelope.
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Recommended Architecture
Enabling Technologies
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6.8.2 GENERAL DYNAMICS
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6.8.2

VEHICLE FAMILIES INITIALLY ANALYZED
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ﬂiNl.AL OVYNAMICS
Space Systems Dewsion

CANDIDATE LAUNCH VEHICLES

PA_CAPABILITIES TO 28.5 X 150/150 NMI
VEMICLE TYPE ARCHITECTURE 25 X s —
VEHICLE 10 PAL WT,K LB PAL ENVELOPE, FT
1. SHUTTLEH, F-3, F13,F-17 RLV-55-2 30 K/30 K 15D X 45L
TWO STAGE RALV-S5-1 €5 WES K 15D X 851
RLV-6S-1 €5 5 K 15D X 5L
RLV-55-3 45 W45 K 15D X €0L
2. SHUTTLEN, F8 ALV-25-3 30 K30 K 15D X 450
SINGLE STAGE ALV-25-4 (VMRE) 30 K30 K 15D X 450
I'd
3. HYPERSONIC F-15 ALV-8S-2 40 K/40 K 15D X 6oL
AIRBREATHER
4. EDVW/PAM F3,F4.F-15 RELV-65-3 5 K0 15D X 60L
RELV-SH-§ 139 K0 25D X 90L
RELV-5H-8 183 K0 25D X 90L
s EXP. CORE, 13 RELV-12H-3(1).(4) 97 K0 15D X 60L
FLYBACK RELV-12H-2(1).(4) 130 K0 25D X 60L
BOOSTER RELV-12H-1(8) 150 K0 25D X 80L
RELV-12H-1(2).(€) 193 K0 250 X 80L
RELV-7H-8(4),-9(3) 155 KO 25D X 8ot
6. NEW ELV, FA7 ELV-12H-1(1) 97 K0 15D X 60L
SAMs ELV-12H-4(1) 94 K0 15D X 60L
ELV-12H-2(1).(4) 115 K0 250 X o0
ELV-15H-1(2) 149 WO 250 X 80L
7. UNMANNED PAL
RETURN 80 RELV-18S-1 40 K/4O K 15D X 45L
8. MANNED GLIDER 8D RELV-185-1 10 K/10K 120 X 20U

page 1L
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GENERAL DYNAMICS
Space Systems Dwision

RECOMMENDED ARCHITECTURE 1995 - 2020
1988 1990 1995 200 12005 200 2015
|
"7 VeWoes |
NATIONAL NATIONAL
PAYLOAD
MODELS y RANSPORTATION

. — —— e ’
PROCESSING, LOGISTICS, MISSION CONTROL SYSTEMS

TECHNOLOGY

'TT.T:___. l

GENERAL DYNAMICS

RECOMMENDED ARCHITECTURE 1995 2020 Ry
Transportion System Segment

FOR MISSION MODELS 1+ & 2+l1

« EXISTING VEHICLES
- 8TS TO 2010 - TITAN IV, MLV, AND OMV AS REQUIRED

+ NEW VEHICLES

26x86 ~ Q N
26 FT DIA
EXPENDABLE ) "
CORE ' : 65K/65K
SMALL SOLIDS ; L ENG.OUTCAP
ELVACEE  UNMANNED ELV/FBB ' :
25-115K GLIOER - 130K ‘ '
ENG.OUT CAP.  40K/40K  FBB-LOXHC- NXF '
WITH SCAR 1997  ENG.OUTCAP. | : <R
19951 1998/1999 ' '
- - ) ' . HYP AB
ADDED FOR MISSION MODEL 3+IV* : : 40K/40K
AS REQUIRED = RO ;  AFTER2000
=
O NEW DEVELOPMENT
* GROWTH OPTIONS - 10C FLEXIBLE
*%* ASSURED ACCESS TO SPACE
+ 1999 IF 1993 SSME VERSION VEHICLE AVAILABLE 4BIPRS5
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GENERAL DYNAMICS
Space Systems Drvision

" LAUNCH VEHICLE CONCEPTS

ELVALCEE ELV/IFBB STS I
PAYLOAD SIZE, FT 25D x 60L 25Dx60L 15D x 85L
WT - 26.5° x 150/150 115 Kib* 130 Kib* 65 Kib
28.5° x 220/220 112 Kib* 126 Kib* 60 Kib
90.0° x 150/150 102 Kib* 105 Kib* 35 Kib
VEHICLE LENGTH, FT 196 196175 1401175
GLOW 2.8 Mib 2.9 Mb - 32Mb
PROPULSION .
15t STAGE (12) Castor V (5) STBE (5) STBE
2nd STAGE (4) 220 Kib LCEE (4) 220 Kib LCEE (3) STME
ENGINE OUT CAPABILITY YES YES/YES YES/YES
CROSSFEED NO NO YES
LV MISSION RELIABILITY 0.989 _ 0.993 0.997
DDTAE COST, $M 2249 /8753 . 1512710
NEW DEVELOPMENT * USING OTS WITH ISP = 320 SEC; MF = 0.8 . SPRS
15

GENERAL DYNAMICS
Space Systems Drwision

GROUND OPERATIONS FEATURES

25r
KEYS TO MANPOWER REDUCTION

GROUND

« Efficient, Integrated Facilities

« Automated Management & Control

« Automated Test And Checkout

15}

AVERAGE « Reduced Hazardous Processing
ANNUAL

OPERATIONS

COSTS 1t

(IN $B)

« Reduced Ground Support Equipment

YEHICLE ,

« Low Maintenance Thermal Protection

« Built-in-test On All Subsytems

« Electromechanical Versus Hydraulics

i 3 S .
REFERENCE RECOMMENDED « Payload Standardization / Containerization

« Improved Accessibility & Modularization
ARCHITECTURE

« Reliable, Long Life Components

12A-PR-S
19



GENERAL DYNAMICS
Space Systems Drvision

VEHICLE TECHNOLOGY SUMMARY

TRADE STUDY ALTERNATIVES

VEHICLE TYPE 7 BASELINE
FULLY REUSABLE CARBON-CARBON HOT STRUCTURE; | CROSSFEED VS. NO CROSSFEED
MANNED ORBITER LiAl TANKS; LO2/LH2 OMS/RCS:; (TS-116)
10C - 2005 STME, 2-POS. NOZZLE; EM TVC
FULLY REUSABLE MACH 6 STAGING; HEATSINK LiAl ALTERNATIVE FUELS (TS-103)
FLYBACK BOOSTER STRUCTURE & TANKS; O2/H2 RCS; CROSSFEED VS. NO CROSSFEED
10C - 1999 STBE (METHANE); EM TVC (TS-116)
HYPERSONIC USE GOVT-DEFINED VEHICLE NONE
AIRBREATHER
10C - AFTER 2000
SDV WITH PROPUL CONVENTIONAL AL STRUCTURE & NONE
AVIONICS MODULE TANKS; SSME-100%; HYDRAULIC TVC;
JOC - 1995 ) BI-PROP OMS & RCS; PREC. RECRY
EXPENDABLE CORE LOW COST LiAl STRUCTURE & TANKS; | ENGINE QUT (T1S-113)
(FLYBACK BOOSTER) N2H4 RCS; LCEE; EMTVC; PLCIRC. | REUSABLE PAM (TS-114)
{OC - 1999 BY SMM; CORE DEORBIT BY SRM FIXED VS. 2-POS NOZZLE (TS-115)
EXPENDABLE LAUNCH SAME CORE AS ABOVE; CASTOR V ENGINE OUT (T5-113)
VEHICLE (STRAP-ON SRMs) | SRMs WITH FWC;
10C - 1999 SSME - 100% —» LCEE
SINGLE STAGE TO CARBON-CARBON HOT STRUCTURE; | VMRE VS. STBE & STME (TS 1C5)
ORBIT LA! TANKS; LO2/LH2 OMS/RCS; STBE
I0C - 2005 & STME, 2-POS. NOZZLE; EM TVC
MANNED CARBON-CARBON HOT STRUCTURE; | NONE
GLIDER LOZ/LH2 OMS/RCS; EM TVC
10C - 2005

TECHNOLOGY PROGRAM APPLICATIONS

80S-IPR-S

WWEIVIBITAL o § IVARIT IS

Space Systerms Division

EARLY
DISCIPLINE | APPLIED TECHNOLOGY LAUNCH I ooamen Il veniote . |oRarmen «
AERO- AEROBRAKING X
mﬁi’:‘?&s PRECISION RECOVERY X
FLIGHT / ENTRY RESEARCH X X
' LOX/ HC ENGINES X X
ADVANCED LOX / H2 MAIN ENGINE X X X
e | ADVANCED LOX /H2 OTV ENGINE X X
SRM IMPROVE / REPLACE X
ADVANCED POWER SYSTEMS X X X X
EXPENDABLE TANKS & STRUCT X
iﬂ’%mffss REUSABLE CRYOGEN TANKAGE X X 4
REUSABLE VEHICLE STRUCTURE X X X
ADAPTIVEGN&C X X X X
AVIONICS FLIGHT MANAGMENT SYSTEMS X X X X
ADVANCED INFO PROCESSING X X X X
EXPERT SYSTEMS , X X X X
GROUND AUTOMATED GROUND OPS X X X X
&FLIGHT - | ORBITAL SERVICING /OPS X X
OPERATIONS | o507y OPERATIONS X
AUTO SOFTWARE GENERATION X X X
98A-IPR-S
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GENERAL OYNAMICS
Space Systems Division

-

TECHNOLOGY PAYOFF COMPARISON

Technolo Leverage
9y fg - - LEVERAGE
DISCIPLINE | APPLIED TECHNOLOGY L 1o S0 S
AERO-
THERMO- AEROBRAKING
DYNAMICS PRECISION RECOVERY
LOX 7/ HC ENGINES

PROPULSION ADVANCED LOX/ H2 MAIN ENGINE pen®

& POWER ADVANCED LOX / H2 OTV ENGINE
SRM IMPROVE / REPLACE

ADVANCED POWER SYSTEMS

STRUCTURES | EXPENDABLE TANKS & STRUCT
& MATERIALS | REUSABLE VEHICLE STRUCTURE

ADAPTIVEGN&C
AVIONICS FLIGHT MANAGEMENT SYSTEMS
ADVANCED INFO PROCESSING

EXPERT SYSTEMS
GROUND AUTOMATED GROUND OPS
& FLIGHT ORBITAL SERVICING / OPS
OPERATIONS | 53Ty OPERATIONS

AUTO SOFTWARE GENERATION

119-IPR-5-MH
76

GENEBRAL DYNAMICS
Space Systams Drvision

INTEGRATED TECHNOLOGY PLAN

Cvia7 1 88 1 82 | 90 ] 91 | 92 ] 93 ] 94 | 95| 96 | 97 | 98| PROGRAM

Apolication Technology Programs, imlas g‘as ]lso ;’91 ;lsz 1i93 [[94 ]lss ;iss ilw Tgg ] COST (SM)
Adaptive GN & C i_u 56 _ r.stVl 130 13.4Y 8.2 130 166 160 738Y.. 107
Overat Multi-path Fight Mgmt. Syst.fi 4 173 4.8 74 19.1_ :a.svm—ﬁr:: 147
(A‘I)Ie\'lir‘x?cr;:s) Adv. Information Processingle 1 169 221 9187 253 24.5Y114 182 23.2 FIFLATIC A 187.
Expert Sysiems =74 7T 43 715 709¥ 98 156 199 19.2Y 937, 123
Avtomated Ground Ops b7 78 118 1. 15.1 1697 9.8 156 199 19329 937,.. 143
Auto Software Generalion 333 3.2 4.0V 104 16.7Y 65 104 133 12.8Y 627, 80
Early saM lmprwe’Rephco 3‘2! 7‘6 - 5.2 A “c ::ul-‘lq reus torersaflosrrrsegenrrarsgraaniae e 21
Launch Expendable Tanks & Siruct 22
Vehicle Adv LOX / H2 Main Engine - - 103
Precision Recovery 6 20.7 38.4 47, 5SS O OVONNN] RSO T A o 13
M g Adv. Power Systems _ 5 X ) ) . - 54
ey :;C:XIHCEnqmes XTI (0000 NOIN N DO Y. 64
usable Cryogen Tankagehs g2 18.7 387 540 353Y280 310 133 84V 40f 242
Advanced Reusable Struct. i3 135 20.0 250 477 563 213 339 431 a17vzoe]. . 322
s rTaT{ | [ oh!/ Entry Research | e 70,733 49.0 1000 1000 |oo.o;,: 380
Orbital Servicing Operationsfiy 70 8.0 200 330 300 350 120 60 3.0V 3.0 . 150
Advanced OTV Engines 930 3.0 3.0 “ %o 90 50 190 350 30 30y 60
SBOTV 5 Aerobraking Eus.o:m.o:ss.o 370 260 220 200 140 99y, 1. 230
— SBOTV Operalions b3 01 02 18 _44 140 220 265 256 12.4 B o 107
T Annual Total (§M)__[i0]139 [217 [251 [292 [296 [257 [277 |337 [326 [223 2654
Facility Total (SM) p4j129 210162 { 82| 54 32} 10} 5 3 703

Technology Readiness Milestones: ¥ ELV ¥ Flyback Booster ¥ Orbit Transler Vehicle V¥ Shuttle ! Orbiter

120-1PR-5-MH

78
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cEnEDAL DYMAMICS

BOOSTER PROPELLANT TRADE STUDY

Space Systems Drvsion

COMPARISON
+ VEHICLE CHARACTERISTICS LH2 CH4 RP-1
« MAINENGINES (7) SSME DERWV. (5) STBE (6) STBE
- PROPELLANTS LO2/LH2 LO2CH4/LH2 AUG  LOZ/RP-1
- MIXTURE RATIO 7.0 3.64 253
- ISPVAC 426 369 326
- ABES {14) CF-34 (12) CF-34 (12) CF-34
» DRY WEIGHT, LB 322K 259 K 274 K
« PROPELLANT WT, LB 1.80 M 2.00 M 238 M
. STEPWT, LB 216 M 229 M 2.60 M
- ORBITER GROSS WT, LB 954 K 954 K 954 K
« VEHICLE GLOW, LB 3.12M 3.25M 3.64 M
« COST COMPARISON (86 $)
- DDT&E 678 888 6.8B
- PRODUCTION (6 UNITS) 558 488 408B
« ETR LAUNCHES (388 FLTS)* 1278 1268 1298
« WTR LAUNCHES (69 FLTS)* 838 848 858
« TOTAL INVESTMENT 1218 1368 10.8B
- TOTAL RECURRING" 21.08 21.08 2148
. TOTAL BOOSTER LCC® 3328 3468 3228
71B-WR-S

* INCLUDES STS Il ORBITER RECURRING COSTS

94

GENERAL DYNAMICS
Spece Systems Division

SUMMARY OF MAJOR TRADE STUDY RESULTS

2. TWO STAGE VS. SSTO

3. LOX/H2 VS LOX/HC BOOSTER
PROPELLANT

4, ENGINE OUT

5. EXPENDABLE CORE VS. P/A
MODULE

6. SPACE BASING/SPACE
PLATFORMS

7. HORIZONTAL VS VERTICAL
INTEGRATION

8. MISSION CONTROL BASING

TRADE STUDY PRIMARY FINDINGS
1. LAUNCH VEHICLE SIZING SELECTED PAYLOAD SIZES
- STSII 65K
. ELV 115K
« ELVFBB 130K

TWO STAGE PREFERRED OVER SSTO
NO DECISION YET — MORE ANALYSIS NEEDED

ENGINE OUT CAPABILITY SELECTED
EXPENDABLE CORE SELECTED

EVOLUTION FROM EOTV (1995) TO SBOTV (2002)
RECOMMENDED.

VERTICAL INTEGRATION RECOMMENDED

PARTIALLY DISTRIBUTED RECOMMENDED

126
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6.8.3 MARTIN STAS

ARCHITECTURE OVERVIEW o , .
VEHICLE ELEMENT GROUND ELEMENT FLIGHT ELEMENT APPLIED TECHMNOLOGIES
¢ LOXAR e » Exunting slsmenis . alive SVIONICS *  Expeil sysiems apphcalions
combusl. weh . M.oduulSRBl +» Limited on-bousd chechout . M:N:’GN‘C
solad slrapons o Launch sies saist « LCC & MCCs siist *  Advanced nio pr
» Deiwabve avidncs . adequate | * Ao SWgea B verl
SHUTTLE §
« Storable core * Exuing elements + Desvative avionics ¢ Expen sysiems apphcalions
wih sclid - Khoduls SAMs * Limaed on-board chackout B W otin e
Hiagons o Launch siies esisd « LCCa exls1 but upgraded ¢ Advanced nio prac/GPC
o Deivative aviorics o COMM/notwork support sdequate
« Enhanced periormance
TITAN ¥
s Cryolarks « Papwiless processing « Adaptive GNAC *  Expent sysioma applicalions
» LOXAHC booster * High rale nhk‘l;‘pl sing . Auw-ddulhuﬂ'nu . adaolinGtuc
angines + Expen sysiams lor checkod .
* Moddud SSME in core i -E:p-n ¢ A d inio proc GPC
. EWWWMM
suppont
LEC!
. me * ANl weaiher operation jumrmqﬂhb& . Expent sysiems
: $iybak boosier * Fiyback b P/A module iekn ddaa handing . M:"m'mc -
/A moduie lof upper | « Reysabie engines -memw . Tacin
* Revsatio anginesin | - m"‘:‘;‘p‘:a”‘m'b" « Adaptive GNAC & GPS IF : u“"‘:m“f"‘"" m“‘mc
< a“‘“‘l" weh * Expe sysiams kor checkout Phnnng ""‘d;’:“y‘f“" with
. coavnon New complime acilsies
UPRCY * 08 " sTam
¢ Reusable cryo lanus * All weather operaton ~E 1pen systems for » Expen Systems B
* Fiyback boosies N Fn;adhoouulm mmwumlw . Mau'ms' pplcations
mn.::-m UPRCY * Horizonial asssmbly . Aulomalog::lc f‘é??‘.ﬂe . MMa:Mnum c
Lang e anginas * Long We sngines « Adapive . anced o proc/GP
. Pwah:.pnuuing Pumhguandaduum o Liwthgh ped. malesiale
* Expen sysiems lor chechout
HUTTLE o |

RECOMMENDED ARCHITECTURE - TRANSPORTATION SYSTEMS

VEHICLE TYPE / CLASS 1 1 z;ml l_Lm Aol i a;'o NTS
* Shuttle
SHUTTLE / 50K ; - Pent. reduced to
(560 - predicied level
SHUTTLE §1740K
(15 2 659 A ; ’ * Shuttle Ul
TITAN W/ il - LOX/HC Booster
ey K P> LoxM2 Ortiter
o Flyback *THan IV
t‘csgv/‘:‘%( R Booster - Pert. oni { o
 § » »
. 12.5K Ib to GEO,
... Ll
UPRCV/100K 0 45K b 1o LEO
(15" x 1007) . LCCV
- Growth expendable
MANNED f@ P|  cango vehice
CAPSULE s} - Core technology
common for UPRCV
- Booster LSO's
* UPRCV
% - LOX/MC Booster
, : @ @ - Boosier lechnology
PAMI WS 1CENT G 7 a ’ common for Shuttle
| I R evolution, Shuttle I
OMV (SB, GB) 20> 2 >

MARTIN MARIETTA
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DESIGN FEATURES AND TECHNOLOGIES - LCCV

PROPULSION
o ALL ELEMENTS ARE EXPENDABLE ¢ ADVANCED HIGH PRESSURE ENGINES
USING LOX/LH2 IN UPPER STG AND
o 2 STAGE CONFIGURATION USING LRB's LOX/CH4 IN LRB's
e 15 D. X 100’ L. USABLE PAL BAY & AL-LI 2090 TANKS WITH IMPROVED

SURFACE INSULATION
& MINIMAL USE OF PYROTECHNICS FOR

SEPARATION
STRUCTURE AVIONICS AND OTHER
e COMPOSITES USED FOR PL ¢ MODULAR AVIONICS SYSTEM WITH
FAIRING AND SECONDARY _ LIMITED ADAPTIVE GUIDANCE AND -
STRUCTURES CONTROL
¢ 2219 AND 2014 AL USED IN PRI- o INERTIAL GUIDANCE ONLY

MARY STRUCTURES
¢ UMBILICAL INTERFACE AT BASE OF VEHICLE

¢ “COCOON® TYPE OF PA. CONTAINER

LCCV~-LOW COST CARGO VEHICLE

- CONFIG. LCOCV-100K
CHAR. STAGE1  STAGE2
PROPELLANT TYPE] LOX/CH4 LOX/ALH2
Isp (VAC) 163.4 4553
THRUST 1.94M 394K
NO. OF ENGINES 1 1
178.8 STAGE WT 101M 239K
PROPELLANTWT | 847K VIK
INERT WT 58.8K 16.6K
- MASS FRACTION 9 92
- PAYLOAD 100K
A A PAL BAY DIM. 15 X 100
[ T P/L SHROUD WT 21K
- BURN TYPE SERIES
Al A GLOW 1.37M
| 355

210
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UPRCV=-UNMANNED PARTIALLY REUSABLE CARGO VEHICLE

192.8'

CONFIG. UPRCV-100K
CHAR. STAGE|  STAGE2
PROPELLANT TYPE| LOX/CH4 LOX/LH2
Isp (VAC) 363.4 455.3
THRUST 28M 394K
NO. OF ENGINES 3 !
STAGE WT 1.61M 258K*
PROPELLANTWT |  1.45M 21K
INERT WT 166K 374K+
MASS FRACTION 90 86
PAYLOAD 100K
PAL BAY DIM. 15 X 100
PAL SHROUD WT 21K
BURN TYPE SERIES
GLOW 1.99M

* INCLUDES P/A MODULE
MARTIN MARIETTA

DESIGN FEATURES AND TECHNOLOGIES - UPRCV

PROPULSION

o ADVANCED, LONG-LIFE, HIGH PRESSURE
ENGINES USING LOX/LH2 IN UPPER STAGE
AND LOX/CH4 IN BOOSTER

o AL-LI 2090 MAIN TANKS WITH LONG-
LIFE INTERNAL INSULATION

» FLYBACK ENGINES FOR REUSABLE BOOSTER
8 P/A MODULE HAS BUILT-IN OMS/RCS
¢ APS USES SAME PROPELLANTS AS MPS

AVIONICS

¢ AVIONICS PROVIDE ADAPTIVE GUIDANCE
AND CONTROL FOR AUTONOMOUS OPERATION
USING INERTIAL AND GPS

& FAULT-TOLERANT ELECTRICAL SYSTEMS

STRUCTURES AND TPS
o COMPOSITE INTERTANK ON BOOSTER AND SOME

SECONDARY STRUCTURES. USE OF XD AND OTHER
SUPER ALLOYS IN PRIMARY STRUCTURE AND TPS

® AERO SURFACES ARE HOTWARM STRUCTURES OF
COMPOSITES ANDVOR ADVANCED ALLOYS

o METALLIC HONEYCOMB SANDWICH EXTERIOR PANELS
WITH INSULATION AND ACTIVE COOLING PROVIDE
DURABLE TPS

o P/A MODULE USES ACC FOR TPS

o COMPOSITE PAYLOAD FAIRING

OTHER SYSTEMS
o UMBILICAL INTERFACES ARE AT BASE

o ELECTROMECHANICAL SERVOS AND/OR UNITIZED HY-

“DRAULICS FOR ACTUATORS

" & BOOSTER AND P/A MODULE RETURN TO LAUNCH

SITE
® ON-BOARD EXPERT SYSTEMS (MINIMUM) 6 Q
‘MARTIN.MARIETTA
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STS Il

178.8'

CONFIG. STS i1 - 40K
CHAR. STAGE!  STAGE?2
PROPELLANT TYPE LOX/CHl4 LOXAH2
Isp (VAC) 3634 4553
THRUST 3.25M 749K
NO. OF ENGINES 3 2
STAGE WT 16IM 641K
PROPELLANT WT 1.45M 482K
INERT WT 166K 150K
MASS FRACTION 90 s
PAYLOAD 40K
P/LBAY DIM. 15" X 65'
P/L SHROUD WT N/A
BURN TYPE SERIES
GLOW 2.29M

MARTIN MARIETTA

6o

DESIGN FEATURES AND TECHNOLOGIES - STS i

BROPULSION

¢ ADVANCED, LONG-LIFE, HIGH PRESSURE
ENGINES USING LOX/LH2 IN ORBITER
AND LOX/CH4 IN BOOSTER

¢ AL-Li 2030 MAIN TANKS WITH LONG-
LIFE INTERNAL INSULATION

¢ FLYBACK ENGINES FOR REUSABLE BOOSTER
® APS USES SAME PROPELLANTS AS MPS
® MAIN ENGINES USED AS OMS iN ORBITER

AYIONICS

¢ AVIONICS PROVIDE ADAPTIVE GUIDANCE
AND CONTROL FOR AUTONOMOUS OPERATION
USING INERTIAL AND GPS

® FAULT-TOLERANT ELECTRICAL SYSTEMS

STRUCTURES AND TIPS

¢ COMPOSITE INTERTANK ON BOOSTER AND SOME
SECONDARY STRUCTURES. USE OF XD AND OTHER
SUPER ALLOYS IN PRIMARY STRUCTURE AND TPS

¢ AERO SURFACES ARE HOTWARM STRUCTURES OF
COMPOSITES AND/OR ADVANCED ALLOYS

¢ METALLIC HONEYCOMB SANDWICH EXTERIOR PANELS

WITH INSULATION AND ACTIVE COOLING PROVIDE
DURABLE TPS

OTHER SYSTEMS

¢ UMBILICAL INTERFACES ARE AT BASE

o ELECTROMECHANICAL SERVOS AND/OR UNITIZED HY-
DRAULICS FOR ACTUATORS

¢ ORBITER AND BOOSTER RETURN TO LAUNCH SITE
® ON-BOARD EXPERT SYSTEMS (EXTENDED) 6o

-MARTIN MARIETTA
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VERTICAL VS. HORIZONTAL CONCEPTS (REF) *

PRO YERTICAL

#8e  MAX UTILIZATION OF EXISTING FACILITIES

‘it e BEST WORKING CONDITIONS/PROTECTION OF PERSONNEL, SE, VEHICLE FRUHM WEATHER AND
CONTAMINATION

. IN-PROCESS MODS EASIER TO INSTALL

#3% e  ADDITION OF DAMPER ARM (OR LIK[) WITHOUT I‘IC.R[ASE IN PAD TIiME
®  LESS SENSITIVE TO FACILITY REQUIREHENTS DUE TO CHANGE IN LAUNCH RATES
- LESS YEHICLE DESIGN PROBLEMS (NEG. LOAD MG ATTCH, TOW DOLLY ATTCH, LTC.)

%% e  LESS FACILITY DEVELOPMENT PROBLEMS

et e NOT APPEAR PRACTICAL TO DO PROP/MECH D/0 AND MAINT HORIZ

it o PAD KOT DRASTICALLY DIFFERENT FROM SATURNM ¥/COULD INTERCHANGE IF REQ°D .
L 'VER'I' PROCESSING PROBLEMS WELL KNOWN/HORIZONTAL SPECULATIVE

#8% e  BEST METHOD OF C/0 IF ON-BOARD AUTONOMY BEGINS TO BE RELOCATED 10 GROUND (GSE) {GSE
"CAN BE ON LUT AND NOT IHMPACT PAD TIME)

L REF: SPACE SHUTTLE ERECTION, MATING, AND TRANSPORTING STUDY,

JUNE 10, 1971

#&  APPLIES TO KSC/APOLLO FACILITIES ONLY

+##% TJUKNLD UUT TU BE BAD ASSUMPTIONS FOR STS FINAL CONFIGURATION
(O340

VERTICAL VS. HORIZONTAVL CONCEPTS (REF) *

PRO HORIZONTAL (REASONS FOR LOWER COST @ NEW SITE)

® LOWER INTEGRATION BUILDING

®  LOWER INVESTHENT IN TOW WAY V5. CRAWLERWAY

® NO CRAWLER REQUIRED

® DEBUGGING ERECTION NOT APPRECIABLE, MORE TIME CONSUMING OR RISKY ..
THAN NEW OPTIMIZED CRAWLER/LUT/PAD/VAB

® CREW SIZING MORE EFFICIENT
® LESS FACILITY HOD RISK DUE TO VEHICLE SIZE GROWTH/CONFIG CHANGE

** ®  FACILITIES COULD BE DPTIMIZED FOR SHUTTLE

®* REF: SPACE SHUTTLE ERECTION, MATING, AND TRANSPORTING STUDY,

JUNE 20, 1971
*# COULD ALSD APPLY TO NEW VERTICAL SITE

| ATARFIA ArAR/ETTA ]
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TECHNOLOGY IMPACT MATRIX - STAS OVERVIEW

[FECIINOLOGY OPPORTUNITIES

"IN MAJOR DISCIPLINES

GROUND
OPERATIONS

MISSION
OPERATIONS

VENICLE
DESIGN

AEROTHERMODYNAMICS

Computational Fluid Dynamics

Acrothermodynamics Duta Base

Configurution Analysis Tools

Acrobraking

Precision Recovery
Sion mel

I BREREEE
ROTHERULL.

taibaitaikait.]

L
e

¢
.

o

PROPULSION/POWER

LOX/HC Engine

Advanced LOX/MH?2 Engine
Dual Fuel Engine

to3tadbad

Advanced LOX/H2 OTV Engine

Advanced Fuel Cell

Cryogenic Fluid Mgmt. Expmt.

| <)< 2| <] <

AVIONICS

Adaptive GN&C

Flight Mgim. Sysiem

Advanced Info ProcessingiGPC

AUTO SOFFWARE GENERATION

Auto YW Gen. & Venlication

[} MAJOR COSTREDUCTION POTENTIAL

MLGIIvibKS

TECHNOLOGY IMPACT MATRIX - STAS OVERVIEW (CONCLD)

IN MAJOR DISCIPLINES

o Y 1T T Y L 3
TECIINOLOGY OPPORTUNITIES

GROUND
OPERATIONS

MISSION
OPERATIONS

VEIIICLE
DESIGN

|
STRUCTURES & MATERIALS

Reusable Cryogenic Tanks

Passive (Cryo) TPS

Deployable Acrobruke

P/A Module Shell/Recovery

X

High Temp. Structure

PV

Light Wutligh Perf. Malcrials
Acro Assist Flt. Expimt.

Warm Suuctures

[ 3¢ || 3] 3¢ | 3¢ | >¢| 3¢ | »¢

GROUND & FLIGHT OFS -
AUTONOMOUS EXPERT SYS.

Mission Planning & Coatrol

Checkout & Launch

i i Xaai by

X

Condition Monit/Service/Maint.

AN S TS

AUTOMATION & ROBOTICS

Manufacturing

Ground Operations

On-Orbit Operations

Fluid Management

X

] MAJOKCOSTKLDUCTION POTENTIAL

[YIRHRTMIL &
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MISSION DESTINATIONS (CIVIL Il + DOD 2)

A - GEOSYNCHRONOUS AND NEAR-GEOSYNCHRONOUS
B - SPACE STATION ORBIT AND VICINITY

C - MID-INCLINATION RANGE, HIGH ALTITUDE (>1000NM)
D - MID-INCLINATION RANGE, LOW ALTITUDE (<1000NM)
E - LOW-EARTH POLAR AND SUN-SYNCHRONOUS '

0°

O usa
O e

£ y ]
o ] 107 w7 we=d MARTIN MARIETTA

ALTITUBE (wn)

TOTAL LIFE CYCLE COST DISTRIBUTION

- oDTas @ FACILITIENS

nEus HOwR PROD [_] Loss
[ ors a surPORT

-

THOUSANDS O%jilu DOLLARS
_T,s
_—S

CO8T REF ALT 1 RECOMMEND ALT 3

MARTIN MARIETTA
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ARCHITECTURE BENEFITS FROM APPLICATION OF ADVANCED

TECHNOLOGY

GROUND OPERATIONS:

Application of Aulonomous Em_s;mm
10 Vehicle Checkout, Launch, icing and
Muinicnance

Auto MW Gencration and Verification

s

Advanced lafo Processing/GPC

Auwmstion and Robolics
Passive TPS

MISSION OPERATIONS:
Application of Expert Systems 1o Mission

Planning and Coatzol and Condition Moaitoring

Adaptive GN&C

Advanced Info Pracessing/GPC

Auo S'W Generanon & Verification

Flight Management Sysiem

Automation & Robotics (Oa-Orbit)

YEHICLE DESIGN:
Reusable Cryogenic Tankage

LOX/HC Engine

Light WeighvHigh Perf. Materials

Precision Recovery

Manufacuring (Auomanion & Robotics)

MLG Wbk

BENEFITS

Increased productivity, lower skill requirements

Improved vehicle status info, duta assimilution and trend analysis
Increased vehicle autonomy, reduced tumasound time

Reduced costs, improved scheduling, rapid problem response

Reduced software development/production costs
Reduced potential for sysiem emron, reduced soliware mainienance
Luiproved configuration minagement

Increased computational performance, cepability for expert sysicms
Improved chackout capability, reduced vehicle tumaround time
Improved vehicle autonomy, flexibility, and fauls wierance

Increased produclivity, reliability and safety of testing and checkout
Limitcd investment required, can focus on applications for specific tasks now

Lower maintenance and refurbishment costs, improved scheduling and
vehicle tumaround time

Improved vehicle information and data assimilation
Increased vehicle suionomy, flexibility, and reconfiguration capability
E&f’"‘d-w‘ mansgement, slandard consisicnt decision making,

reliability
Ducreased level of cffart per flight, lower skill requirement and training

Eshanced robustness for adverse weather operation

Improved operational readiness, targeting and retargeting duation, and
Mi>sioR BUCCESS

Increased vehicle autonomy, flexibility and fault wolenanca

Improved onboard checkout capability and fault wlerance
Increase computational performance, expent sysiem capability
Improved vehicle avtonomy, flexibility

Reduced software development/production costs
Reduced polential for sysiem exrrors, reduced softwase mainienance
Improved configuration management

Improved operational efficiency, productivity

Reduced monitoring and communication support, improved logistics support
Reduced contingency planning and training, sysiem reconfiguration

Reduce dedicuied support clements, increase productivity

Reduce operations complexity, incorporase standardization
Supports space basing and improves resourcs scheduling

Reduced vehicle weight and size, hardware cost savings
I.mpmvcd!_egf_wm using cryo fucls

High density fucl enables smallker, lighier tanks

Smaller vehicle fucilitaics ground handling

Greater stren lormance with less weight, reduced vehicle weight
Reduced fabncatiag complexity and cost

Reduced maintenance costs and time, exicnded service life

Efficiens flyback booster and P/A module, reusabic hardware cost savings
Reduced suppost operations and wmasound lme

Improved flenible (erminal landing phase operaions

Vehick production cost savings, CIM sysiems, paperiess factory
Improved scheduling, fleaibility and logistics suppornt

MARTIM MARIETTA

1lv

216



IMPROVED GROUND PROCESSING AND MISSION OPERATIONS

WITH EXPERT SYSTEMS APPLI

« Decripion: Develup and apply expent sysiems (o perform-

Tng prediclable, routine funclivns sutonulically thereby
increasing operator cificicucy, productivity and reaponse in
Jabot-intensive operatious and checkout functions resulting
in significanily lower operaling costs.

- Impruve vehicle status information and sclection

- Apply expen sysiems lo rapidly identify problems and
provide solutions

- Provide increased vehicle and sysiem avlonomy

- Reduce Luunch and checkout dependency on mission

ralions

- Reduce skill level and manpower investment commitmenty

for condition monitoring and mainicnance

CATIONS

TECHNOLOGY ASSESSMENT

- QOround processing technology and concepls have been
developed, but require focused application

- Bxpert systems successfully applied on limited scale in
commercial ind

- NASA, DoD and DARPA working o define boundarics
and develop applications

- No unifying standasds for development, display and interface

- Systems selatively slow; high cost of kmowledge acquisition

Vﬂ' ke Design:

- Flexible manufacturing, vehicle assembly
- Subsystem fault isolation and control

- Automacd S/W development

- Provide performance wend analysis 10 order maintenunce Ground Operulions:
- Keduce costs of high-frequency launch operations - Propeltant loading, hazardous operations
. ch: - Vehicle test and cicknul
- Perform complete mission funclional analysis Mission jons:
- Construct mission/sysiem modcl - Navigation, recovery and traffic management
- Acquire applications of knowlcdge base 1o coavert - Mission planning, sysicm moaitoring and coatrol
10 pragrammed logic « Risk;
- Dewermine performance capabilitics and develop - Medium schedule and cost
management techniques - Increase in sysicm complexity and impact to real time application
- Must prove reliability of cxpert sysiems in critical applications
* Relicve human operator of iedious and lime-consuming tasks | » IRR: 36%*
* Higher reliubility performance by lower skilled pensonnc] e RLOC:  1%*
* linproved and tinicly duts assimilation * Leverage: M1i¢

* Improved personnel productivity, lower operalions cosis

* Grcaler vehicle autononly and reduced vulnerability
* Reduced vehicle trnatound tine

MLGI3MIPKS

$Bascd on SDI archiwccture analysis

MARTIN MARIETTA
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ADAPTIVE GUIDANCE, NAVIGATION & CONTROL (GN&C)

TECHNOLOGY PROGRAM

TECHNOLOGY OVERVIEW
« Description: Develop GN&C algorithms which adapi 1o

‘Tussion vanables by automatically adjusting parameicrs in
fesponse 10 measured reul time performance vensus desired
standurds

- Efficient use of full vehicle design eavelope

- Optimized ihsust vecior control

- Opiimum reaction controls fuel usa

- Auwmatically maintain flying qualitics critical 10 safety

- Reduced vehicle sysiems design, test and checkout costs
- Lower mission suppost costs

- Incorporuic fault wlerance in adaplive sysicms

- Tdeatify variables for adaption sysicm compensanon

- Prioriize variabics

- Develop algorithms fur GN&C performance vs. crilenia
- Dewrmine vehicle runsicntsicady stale characieristics

- Develop fixed base simulator for evaluation

JECHNOLOGY ASSESSMENT

- Exicasive flight lesting conducied on aircraft

- Shuttle uses simple adaptive conuol during ascent phasc
- JUS design includes simple adaptive guidance

- Onboard digitial computer enables implementation

Application;

Ground Operations:

- Impsoved readiness,

Vehicle Design:
reased payload capability through optimized fucl usage

- Reduced &gn costs through optimized conwol effecion

- Reduced st and checkout cosls

Miasion Operations:

- Reduced preflight targeling cycic duration, simulation
activity (30%) . .

- Increased mission success under variable conditions (40%)

Risk

- Low to medium schedule and cost " .

- Vehick dynamics must be prediciable within established
stability limits

reduced launch tumaround time (20%)

.

QUALITATIYE TECHNOLOGY BENEFIT
Enhanced robusiness for adverse weather operalions
Linproved operational seadiness/ictargeling on pad
fncreased vehicle autonuiny, reduced vulnerability
Impioved fesible weminal landing phase operations

M CI0uIPKS

+ IRR: 5%
» BLCC:. <I%*
+ Leverage: 21*

*Buscd on SDI architeciure analysis

MARTIVN MARIETTA
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LOX/HC ENGINE TECHNOLOGY PROGRAM

TECHNOLOGY OVERVIEW

= Deacripion: Develop reusable, Jow mainienance, low cost
ok cngines for heavy lift Lunch vehickes using hydro-
carbon propellants affording higher density, improved
handling and kss environmental poilutioa.

Obiccives

- Develop main-combustion chamber for high Pe
opcration

- Develop gas-generator for sclecied HC fuels

- Reduce high-pressure pump/turbomachinery

- Reduce costs of high-frequency launch operations

- Design, develop and evalvatc main injecior for 4000 PSI
gas-gencrdion type engine

- Determine coking during operating cyck and evaludie
oplions 1o minimize

- Delermine cost-effective provisions for fuel source(s)

- Define ground processing impact of hydsocarboa
booswrs

JECHNOLOGY ASSESSMENT

- Hydrocarbon enginc used in Satum boosters and Apollo

- Basclinc is Shuule 109% SSME-35 enginc
- Reusable, low maincnance Ls;mww hinery
€OMpOhEnts COMMON Lo engine

Vehicle Design:

- Smallcs, lighter tanks with higher density fucl

- Higher payload capability per pound of dry weight

Ground Operations:

- Enhanced safety of propellant transportation, handling
and siorage

- Smaller vehicle facilitaics ground handling

- Low w medium schedule and cost

- Coking and high Pc operation is icchnical challenge

- Determine cost-cifective provisions for fucl source(s)

QUALITATIVE TECHNOIOGY BENEFIT

e Deiermine ground processing impact of HC boosiers

« High density fuel enables smaller vehicle size o
acilitaie ground handling

« Enhanced sadely of propellant uunspanation, handling and
slocage -

« Luwer propetlant costs, higher payloud capability

« Reduced pollution compared 10 SRBs on STS

MLG12VAPRS

QUANTITATIVE BENEFITS ANALYSIS

+ JRR: 9%*
+ %LCC: 2%*
* Leverage: 2¢

*Bascd on SDI archiicciure analysis

MARTIN MARIETTA
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SUMMARY OF TECHNOLOGY TRENDS AND FINDINGS

+ TECHNOLOGY INVESTMENT MAKES SENSE

+ APPLICATION OF NEW TECHNOLOGIES IS CRITICAL TO COST-EFFECTIVE
ACQUISITION AND OPERATION OF FUTURE TRANSPORTATION SYSTEMS

» AUTOMATED EXPERT SYSTEMS PROBABLY SINGLE MOST IMPORTANT

TECHNOLOGY DEVELOPMENT

- PROVIDES IMPROVED EFFECTIVENESS FOR MANPOWER INTENSIVE TASKS
= ESSENTIAL TOOL TO SATISFY DEMANDS OF INCREASED LAUNCH RATES

« ADVANCED PROPULSION AND MATERIALS TECHNOLOGIES WILL LOWER
INITIAL COSTS AND PROVIDE IMPROVED EFFICIENCY OF RECURRING

OPERATIONS

+ ADAPTIVE GN&C WITH A HIGH DEGREE OF FAULT TOLERANCE ARE VERY
IMPORTANT TO RELIABLE AUTONOMY, ROBUST OPERATIONS, AND RAPID

RESPONSE

» MUST START AGRESSIVE TECHNOLOGY DEVELOPMENT PROGRAM WITH
LONG-TERM COMMITMENT NOW TO AVOID LOSS OF POTENTIAL SAVINGS

AND TECHNOLOGY LEADERSHIP

MLG AR

MARTIN MARIETTA
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FUTURE PAPERLESS PROCESSING SYSTEM

R Dy - —( NBECUTORSYSTEM )

- |

| 1 i . 1 |
TECHNCAL WORK ’ WORK LOGISTICS LALNCH
SLPPOAT CONTROL DOCUMENTATION SUPPOAT QONIRQL
-ENGINEERING DESIGN - MANAGEMENT - OMI SYSTEM -LSA -LPS/CCMS
REQUIREMENTS -SCHEDUUNG - PRACA SYSTEM -SUPPLY -TESTNG
-CONFIGLIRATION -DLO -TCTI/EO SYSTEM - RESUPPRLY -S/W DEVELOPMENT
AEQUIREMENTS - OISR /CONSTRAINTS -SPECIAL REPORTS -INVENTORY « INST. DATA BANK
- OMRSD / OMP - CONFIGURATION -WORKKITS -DATAREDUCTION -
-TCTI/EO ORIGIN CONTROL AND ANALYSIS

P I P

WWQMMNWW----MWWN“MMMW

[ F 4 'y 4

ALL SYSTEMS HAVE CONTROLLED ACCESS AND MAINTENANCE TO A

COMMON DATA BASE

MARTIN MARIETTA

STASGOMDOG2085

FUTURE PAPERLESS PROCESSING SYSTEM

BENEFITS

« MANAGEMENT CONTROL

- EXACT SCHEDULE STATUS - - AT ALL TIMES

- EXACT CONFIGURATION STATUS - - AT ALL TMES

- EXACT APPROVAL STATUS OF ALL WADS

- EXACT STATUS OF ALL LOGISTICS SUPPORT FOR EACH WAD
- OPTIMUM WORKLOAD PLANNING TO THE TEAM / SHIFT LEVEL

RESULT S - BEST PLANNING / SCHEDULING - - > 5% ACCURACY (GOAL)

- EFFICIENT USE OF MANPOWER POOLS - - » 80% UTILIZATION (GOAL)
+ PROCEDURE DOCUMENTATION

- MORE EFFICIENT GENERATION/ORIGINATION

« IMMEOIATE/CONCURRENT AVAILABILITY FOR REVIEW/COMMENT/APPROVALS
- EASIER / QUICKER REVISIONS AND UPDATING

+ MAJOR REDUCTION IN BULK PAPER HANDLING

« PROCEDURE PERFORMANCE

- MORE EFFICIENT OPERATIONS

- AEDUCTION N OJT REQUIREMENTS

- ALLOWS MORE CROSS UTILIZATION OF PERSONNEL
- MAJOR REDUCTION IN PAPER HANDLING

- WPROVED SCHEDULING / RESQURCE UTILIZATION

« MAJOR REDUCTION / ELIMINATION OF STATUS MEETINGS

- TOP MANAGEMENT WiLL HAVE EXACT STATUS FOR DECISION MAKING
. MEETINGS WiLL BE MORE MANAGEMENT / DECISION ORIENTATED

MARTIN MARIETTA
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PROPELLANT COSTS *

DELIVERED REFRIGERATIUON BUY-TO-SELL TOTAL
PROPELLANT COST $/LB COST $/1B RATIO COST §$/LB
LIQUID METHANE (LCH4) ‘ 118 . .103 1.1 243
LIQUID PROPANE (LC3H8) @ N.B.P. 18 .03 1.1 24
LIGUID PROPANE {LC3t8) SUB COOLED 18 5% 1.1 26
LIQUID GXYGEN (L02) .036 N/A 1.8 063
TURBOJET FUEL _ 475 N/A 1.0 176
LH2 20 - 1.2 24
AS0 - 6.0 - R 6
N204 ) 275 - 8] 2.5
SOLID 10.0 - A IO-.O
N2H4 - - - -

ARG TIN AFARIETTA

& COSTS AS OF OCTOBER 1985 - CPGSTAQ01.S

(‘ND OPs SPi)w TER 6/’/955\
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VEHICLE SELECTION

“ a
8 ® \____/ - -
S g 2% UMXCV m Stage P/A, 2nd Slage PIA
5 8 =x UVXCV - Exp. With 2nd Stage P/A
D&
>58 —— UPXCV - Fly Back Booster, 2nd Stage P/A
£ 2 uvey .
Bhe UPXCY """ UEXCV - New All Expendable
ge UrxCy_
o UPRCY UPRCYV - Fiy Back Boosler, 2nd Stage Exp.
100 150 250 =0
PERFORMANCE TO 28.5°,150 NM

(K LBS)

MOST COST EFFECTIVE NEW SYSTEM HAS FLYBACK

BOOSTER

CARGO VEHICLE SIZING CONSIDERATIONS

MOST PAYLOADS ARE 15-FT DIAMETER (OR LESS)

PAYLOADS EXCEEDING 15-FT DIAMETER ARE MODULARIZABLE

DUAL COMPATIBILITY WITH SHUTTLE AND TITAN IS REQUIRED

PAYLOADS SHOULD NOT BE DRIVEN TO EXCEED 15-FT DIAMETER

CARGO BAY MUST EFFICIENTLY ACCOMMODATE 15-FT DIAMETER PAYLOADS

o -
N el -

15

DEDICATED DOUBLE TRIPLE
CARRIER CARRIER CARRIER
(15' DIA) (30° DIA) (33' DIA)

SUMMARY OF TRENDS/FINDINGS

+ RETURN MISSION REQUIREMENTS ARE MAJOR DRIVER

» ADVANCED TECHNOLOGY APPLICATIONS REQUIRED FOR COST REDUCTION
» ASSURED ACCESS IS EXTREMELY COSTLY

» CARGO VEHICLE PAYLOAD ACCOMMODATION SHOULD BE 15' DIAMETER

+ MANIFESTING CONSTRAINTS REPRESENT A MAJOR COST DRIVER

+ STS COSTS MUST BE REDUCED TO ALLOW NEW SYSTEM DEVELOPMENT

+ SIGNIFICANT UP-FRONT INVESTMENT REQUIRED FOR SUBSTANTIAL
MARTIN MARIETTA
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ROCKVELL STAS

A Full Range

6.8.4

of Launch Vehicles Was Considered

) < PAVLOAD — 150 Kib
400 = * « 150-NM1 CIRCULAR ORBIT
30| * 20.5 DEG INCLINATION
w0}
o}
w0} *
o |-
wor—
so}- \ :
0 g 1 ] s i [<] R {
TAR1 . FAR3  FARS FAN4 PARY PR3 PARA PRAS  PARE  EM1  EAD  ER4
LENGTH ™~ -~ N -~ s
) oo~ FULLY REUSABLE PARTIALLY REUSABLE ™ EXPENDABLE
‘ *HORIZONTAL TAKEOFF SYSTEMS
30— “PAYLOAD 40 KLD
200~ [ EXISTING OR DERIVED SYSTEMS |
250
70
m -
m e
sl
) ‘

STS SO TN MLy

‘l Rockwell International

Space Tinmaportalion
$Srstems Divislon

J755Vigisse

Launch Vehicle Architecture Allows Growth to
Meet Potential Future Needs

2-1l RECOMMENDED ARCHITECTURE

® EXISTING Lvs

CARGO DELIVERY

- TITAN MLV

BGO

SHUTTLE
® EXPENDABLE HLLV

CARGO DELIVERY

100 KL8 CAPABILITY

LATE 1990s T0 POST-2000 GROWTH

FULLY REUSABLE
MANNED VEHICLE

FRR-3

‘l‘ Rochwell internstionsl

Spate Leansporiongn
Sypstoms Devrsion

225

PARTIALLY REUSABLE
NLLV

150 KLB CAPABILITY

5)



Launch SYstems for
Recommended Architectures

[vos6] 87 [ #8 [ 89 [ oo [ o0 [ 92 [ 8a [ ®4 | o5 [ 96 | 97 ] 98 | 89 | 2000] 2001]2002] 2003]

STS
‘h‘@ S
T R hY
MLV ——— <
NOAMAL GROWTH .
0L 2,
NEW CARGO VEHICLE EXPENDABLE J So!
] $" o S
A3 PARTIALLY REUSABLE
‘l. Rockwell international
Bpace Yeamnsporiation
H ""u ;rfvmsu

Partially Reusable Launch Vehicle Characteristics

Y * ROCKWELL DESIGNATOR: PRR-6

» DESIGN FEATURES

o REUSABLE FIRST STAGE
o CRUISEBACK TO LAUNCH SITE
o L0,/LCHy PROPELLANTS
o NO CROSSFEED TO EXPENDABLE TANK
o AlLI TANKAGE/STRUCTURE

—_ « 4 ENGINES AT 690 KLB THRUST (SL)

~_ o REUSABLE P/A MODULE
|V « SEMI-BALLISTIC RETUAN
| o PARACHUTE OR PARAFOIL RECOVERY
| I 225 F1 « AlL} STRUCTURE
o ACC/SIC BLANKET TP§

o 3 ENGINES AT 280 KLB THRUST (VAC)
o EXPENDABLE TANK & SHROUD

o ML TANK/STRUCTURE

o L0/LH, PROPELLANTS

* 33 FT X 65 FT SHROUD

150 FT

* MASS CHARACTERISTICS
s GROSS: 2,550 KL
m*' o PROPELLANT. 2,194 KLB
o INERT: 191 KLB

I-'as Aef—f—21p1 « SHROUD: 15 KLB

o PAYLOAD: 150 KLB
‘l‘ Rochwell internations!

Space liaraperistion ATIRSVIBITY
Sysioms Divnlon L F T

226




6.8.4 ROCKWELL
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Fully Reusable Launch Vehicle Characteristics

138 FT

ma\

200 FT

« ROCKWELL DESIGNATOA: FRA-3

* DESIGN FEATURES

o REUSABLE FIRST STAGE
» CRUISE BACK TO LAUNCH SITE
« L0,/LC3Hg PROPELLANTS
« NO CROSSFEED TO SECOND STAGE
o ALLI TANKAGE/STRUCTURE
« 4 ENGINES AT 730 KLB THRUST (SL)

o REUSABLE SECOND STAGE
« GLIDEBACK TD LAUNCH SITE
o L02/LH, PROPELLANTS
* AILI TANKAGE/STRUCTURE
« 3 ENGINES AT 300 KLB THRUST (VAC)
o ACC/SIC BLANKET 1PS

* MASS CHARACTERISTICS
o GROSS: 2,707 KLB

» PROPELLANT: 2,347 KLB
« INERT: 280 KLB

|—-31 n-—i- ) n——|
‘l‘ Rockwell International

Space Tranaporiation

» PAYLOAD (15 FT X 80 FT): 80 KLB

478SVI9177)

Systems Division 7613
ER-4 Vehicle Processing Actlvmes —
Shifts and Manpower
ACTIVITIES NOMFTS | PERSONNEL TOTAL
PER ACTWITY | 'PERSHIFT | T onTT | MAN-HOURS

P/A PROCESSING & C/0 21 120 3,240 25,920
CORE PROCESSING 24 66 1,440 11,520
P/A — CORE MATE 9 70 630 5,040
SAB BUILDUP 40 40 1,600 12,800
SRB ASSEMBLY 4 4 160 1,260
SRB STACK 15 I 600 4,800
SRB-CORE MATE 3 40 120 950
SRB-CORE CLOSEOUT 15 40 600 4,800
PAYLOAD CHECKOUT 18 70 1,260 10,080
SHROUD PREPARATION 6 10 60 480
PAYLOAD-SHROUD MATE 3 25 75 600
SHROUD-CORE MATE 3 40 120 950
PAD OPERATIONS 21 80 1,680 13,440
PAD REFURBISHMENT 12 90 1,080 8,640
MLP REFURBISHMENT ] _ T 630 5,040
TOTALS 245 835 13,205 106,360

’l‘ Rochkwell International

Spece Tianspolation
Systoms Diworon

227

478SVIg1826
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Flight Operations Costs Are Dominated by
Mission-Related Activities

TRAINING
» MISSION UNIQUE REQUIREMENTS NETWORK SUPPORY
o MAN-IN-THE-LOOP INTENSIVE o MCC SUBSYSTEM MONITOAING

ON-ORBIT OPERATIONS

PAYLOAD ANALYSIS

o SPECIALIZED PAYLOAD SERVICES

« MON-STANOARD PAYLOAD INVERFACES
o ON-ORBIT PAYLOAD REQUIREMENTS

FLIGHT CONTROL

© STATE VECTOA UPDATES

o TAAJECTORY ANALYSIS TO BUPPORT
GUIOANTE UPDATES

o YEMICLE BUBSYSTEM MONITORING

o ANOMALY RESOLUTION

MISSION PREPARATION
* MISEION UNIQUE DATA DEVELOPMENT
o RECONFIQURATION SOFTWARE

MISSION PLANNING
* UNIQUE MISSION REQUINENENTS

PROGRAM MANAGEMENT
ENGINEERING SUPPORT © ADMINIGTRATION
« SUSTAINING AVIORICS MAN. *
» CHANGES 70 FLIGHT SOFTWARE
« MANY DIFFERENT FLT OPS

COMPUTER 3YSTEMS 1

CREW OPERATIONS

® LARGE NUMBER OF ACTIVE
CREWS DLE 10 LONG
MISSION LEAD TIMES

‘l‘ Rockwell Internations!
- 47SSVIBOTTIA
Space Tranporiation E-213 1.2}

Syslems Division

Support Systems Presently Comprise Large
Portion of Flight Costs

Flight Operations

LAUNCH

SUPPORT SYSTEMS TOTAL CPF — 46% p FLIGHT

HARDWARE

- OPTIONS LEADING TO LOW FLIGHT OPERATIONS COSTS:

 STANDARDIZED PAYLOAD INTERFACES

® SCHEDULED FLIGHTS

s VEHICLE AUTONOMY

¢ STANDARDIZE SOFTWARE . AUTO BOOKING
* FLIGHT BOOKING -

‘l‘ Rockwell International

Space Tramporislion
Syslems Dinsian

47ESV1T8008A
1313 [ 3]
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Near-Term Launch Vehicle System Utilizes Focused

Current Technology

FUNCTION/ ELEMENT TECHNOLOGY BENEFIT
CORE '
» TANK STRUCTURE Al Li MATERIAL ISOGRID IMPROVED PERFORMANCE
REDUCED ASSEMBLY LABOR
; » PROPULSION.
; » ENGINE EXPENDABLE LO2/LH2 LOWER COST
! * ACS GASEOUS LO2/LH2 REDUCED COMPLEXITY
o TVC ENGINE GIMBAL POWER ELIMINATE APU
BOOSTER
« TANK STRUCTURE FILAMENT WOUND IMPROVED PERFORMANCE
SIZE ADAPTABLE
. o PROPULSION
+ MOTOR IMRPOVED SOLID PROPELLANTS UPRATED PERFORMANCE
REDUCED CONTAMINENTS
AVIONICS
AUTON ONBOARD EXPERT MISSION COMPLETION
o GN&C
 HEALTH AUTO MALFUNCTION PROCEDURE MISSION COMPLETION
MONITORING :
o CHECKOUT AUTO SELF-CHECKOUT FASTER AESPONSIVENESS
LOWER LAUNCH COST
_ MANUFACTURING
o FABRICATION COMPUTER INTEGRATED MFG REDUCED COST
o ASSEMBLY RAOBOTICS REDUCED COST
o ACCEPTANCEC/0 AUTOMATED PROCEDURES IMPROVED RELIABILITY

5 ‘l‘ Rockwell International

$Space Tranaporialion
Sysiema Division

475SVID1743

E2-3

Growth Systems Utilize Advanced Technology -

Partially Reusable Systems

FUNCTION/ELEMENT TECHNOLOGY BENEFIT
CORE i
« TANK STRUCTURE SIC /A1 MATERIAL IMPROVED PERFORMANCE
ISOGRID REDUCED ASSEMBLY LABOR
P/A MODULE
« PROPULSION
o MAIN ENGINES ADV REUSABLE L07/LH; REDUCED MAINTENANCE
* RCS GASEOUS LOp/LH2 REDUCED COMPLEXITY
o TVC ENGINE GIMBAL POWER ELIMINATE APU
o RECOVERY
o TPS ADV FIBER BLANKET TPS REDUCED MAINTENANCE
o LANDING ADV RECOVERY SYSTEMS IMPROVED RELIABILITY
FLYBACK BOOSTER
o FUSELAGE STRUCTURE HIGH-TEMP Al ALLOYS TPS ELIMINATED
ISOGAID REDUCED ASSEMBLY LABOR
o PROPULSION .
o MAIN ENGINES ADV REUSABLE L02/LHC REDUCED MAINTENANCE
* ACS GASEOUS LOp/LH REDUCED COMPLEXITY
o TVC ENGINE GIMBAL POWER ELIMINATE APU
AVIONICS
* GN&C AUTON ONBOARD EXPERT MISSION COMPLETION
« HEALTH MONITORING AUTO MALFUNCTION PROCEDURE MISSION COMPLETION
o CHECKOUT AUTO SELF-CHECKDUT FASTER RESPONSIVERESS
LOWER LAUNCH COST
, POWER SUPPLY
« GENERATION HI-POWER-DEN FUEL CELLS REDUCED WEIGHT
LOWER COST
MANUFACTURING
o FABRICATION COMPUTER INTEGRATED MFG REDUCED COST
« ASSEMBLY ROBOTICS REDUCED COST
o ACCEPTANCE C/0 AUTDMATED PROCEDURES IMPROVED RELIABILITY

‘l‘ Rockwell International

Space Tismporisiion
Systems Division
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Growth Systems Utilize Advanced Technology— .

Advanced Manned Systems

FUNCTION/ELEMENT TECHNOLOGY BENEFIT
ORBITER
» FUSELAGE
» STRUCTURE SICIAIALLOYS OR SIC FOAM SANDWICH | WMPROVED PERFORMANCE & HIGHER ALLOWED TEMPS
* TIPS HARDENED TPS ELIMINATED MAINTENANCE
ADVRCC EROSION PROTECTED
ADV FIBER BLANKEY ALL WEATHER OPERATION
» PROPULSION
© MAIN ENGINES ADV REUSABLE LO2/LH2 REDUCED MAINTENANCE
* RCS GASEOUS LO2iLHZ REDUCED COMPLEXITY
s TVC ENGINE GIMBAL POWER ELIMINATE APU
FLYBACK BOOSTER
* FUSELAGE HIGH-TEMP A1 ALLOYS ISOGRID TPS ELIMINATED
STRUCTURE REDUCED ASSEMBLY LABOR
» PROPULSION
* ENGINE _ ADV REUSABLE LO2/LHC REDUCED MAINTENANCE
s RCS GASEOUS LO2ILH2 REDUCED COMPLEXITY
* TVC ENGINE GIMBAL POWER ELIMINATE APU
AVIONICS
o GN&C AUTON ONBOARD EXPERT MISSION COMPLETION
» HEALTH AUTO MALFUNCTION PROCEDURE MISSION COMPLETION
MONITORING - :
» CHECKOUT AUTO SELF-CHECKOUT FASTER RESPONSIVENESS, LOWER LAUNCH COST
POWER SUPPLY
o GENERATION H-POWER-DEN FUEL CELLS REDUCED WEIGHT, LOWER COST
MANUFACTURING .
» FABRICATION COMPUTER INTEGRATED MFG AEDUCED COST
o ASSEMBLY ROBOTICS : REDUCED COST
» ACCEPTANCE C/O AUTOMATED PROCEDURES IMPROVED RELIABILITY
’l Rockwell International A7SSVI91745
E-28

Spece Yransporisiion
Systems Divinion

Improved Operations Support Results From Todays

Technology
FUNCTION/ELEMENT TECHNOLOGY BENEFIT
GROUND PROCESSING
o PAYLOAD PROCESSING CONTAINERIZATION REDUCED VEHICLE CLEANLINESS
AUTOMATED CHECKOUT FASTER PROCESSING
AUTO MALFUNCTION PROCEDURE RAPIDC/0
o VEHICLE ASSEMBLY ROBOTIC MACROPROCESSING REDUCED COST
AUTO MALFUNCTION PROCEDURE RAPIDC/O
o CHECKOUT AUTOMATED CHECKDUY RAPIDC/0
AUTO MALFUNCTION PROCEDURE RAPIDC/0D
SMART SENSORS FOR ROBOTICS REDUCED COST
o LAUNCH LAUNCH CONTROL EXPERT INCREASED RESPONSE
MISSION CONTROL
« MISSION PLANNING
» FLIGHT BOOKING STANDARDIZATION REDUCED COST
o FLIGHT KIT DEVEL SOFTWARE PROD & MAINT INCREASED RELIABILITY
RAPID PROTOTYPING REDUCED COST
¢ SIMULATION SOFTWARE ENGINEERING IMPROVED PERFORMANCE
e FLIGHT CONTROL
» CONTROLLER AUTON MiISSIDON CONT EXPERT REDUCED COST
o WORK STATIONS INTELLIGENT STATIONS GREATER UTILITY
X RAPID RECONFIGURATION
» NETWORK
* COMMUNICATIONS FIBER OPTICS INCREASED DATA RELIABILITY

‘l‘ Rockwell International

Space Vransporlation
Sysiems Divsion

230
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Major Cost Contributors

ARCHITECTURE 1
% OF LCC BY SYSTEM

WIAN IV MLV

AT

ER-4 LCC BY PHASE

FACILITIES ™~ ROTSE
|

STS OPS BY ELEMENT ER-4 OPS BY ELEMENT

STS LCC BY PHASE
FACILITIES
%

PRODUCTION

‘l‘ Rockwell Internationel

vl raviem 47S5VI9188D 112
. 1424
-
Forecasted Costs for Assessed Technologies
TECHNOLOGY DEVELOPMENT YCAR
¥o. Nane Toay 198 1583 1990 1991 1392 1983 1934 1995 TOTAL
AL/EXPERT SYSTEMS
2 Autonomous, On-board Mission
Contro! Expert
3 Launch Control Expert
4 Vehicle Ground Expert 11.5 15.0 16.0 10.5 3.0 1.0 51.0
Processing Planner
5  Automated Malfunction
Procedure b Safing
6 Automated Self-Checkout
SOFTWARE PRODUCTION AND MAINTENANCE
8 Software Production &
Maintenance Hethods
9 Softwsre Engineering Commercial Development Expected
Environment
10 Softwsre Languages ,
11 Qapid Prototyping
12 Al in Software Enginsering 3.0 60 70 20 60 60 50 40 4.0
13 Software Metrics and §0 60 60 7.0 50 40 30 30 4.0
Measurament
ROBOTICS AND AUTOMATION
I8 Robotic Macroprocessing 1.4 3.4 54 36 D4 . 14.2
° 20 Smart Sensors fcrunbot{c: 1.4 1.4 2.6 34 32 18 10 0.4 15.2
and Automat ton
0.0
. OPERATIONS
22 Adverse Westher Protaction 180
and Operations
‘l‘ Rockwell international QESVIBNTE
172

Space Tigmpotisiion
Systems Division '
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Conclusions

ARCHITECTURE

® OTV — EXISTING STAGES CAN ACCOMPLISH ALL OF
THE MISSIONS

® ASSURED ACCESS REQUIRES A NEW UPPER STAGE WITH
12.5KLB GEO DELIVERY CAPABILITY

® LAUNCH VEHICLE

& UNMANNED CARGO VEHICLE NEEDED BY MID 1990s
* EXPENDABLE FOR NOMINAL MODEL
* PARTIALLY REUSABLE NEEDED FOR KEW SCENARIO

® MANNED MISSIONS ACCOMPLISHED WITH SHUTTLE
* NEED BASELINE RETURN CARGO CAPABILITY

* NEED TO EXAMINE ALTERNATES FOR MANNED & RETURN
CARGO BACKUPS

‘l‘ Rockwell International

Space Transportation ATSSVI91592A
Systeme Division €121
Recommendations

e START DEFINITION & MOVE TOWARD DEVELOPMENT OF
EXPENDABLE HLLV

® PLAN NOW FOR ULTIMATE PARTIALLY REUSABLE SYSTEM TO
SUPPORT LATE 1990s GROWTH/LOWER OPERATIONS COST

® INITIAL STEP/ULTIMATE STEP CONNECT

e CONTINUE AGGRESSIVE TECHNOLOGY PROGRAM

® SUPPORTS MORE REUSABLE CARGO & MANNED VEHICLE
DECISIONS

® FOCUS CURRENT TECHNOLOGY FOR LOW COST MANUFACTURING
& OPERATIONS

‘l Rockwell International

Space Tiamporiation
Sysiems Drvision
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6.8.5

STAS GROUNDRULES

9.1 GROUNDRULES AND ASSUMPTIONS

This appendix contains the major Government provided and contractor derived groundrules and
assumptions for STAS. "

The groundrules are characterized under the major study areas for clarity. However, many
groundrules impact areas other than the primary area under which they are listed.

9.1.1 GOVERNMENT SUPPLIED GROUNDRULES. The following STAS groundrules were
provided by NASA MSFC 20 February 1987.

A-1

A4

ARCHITECTURE GROUNDRULES AND ASSUMPTIONS .

Viable architecture will be based on a mixed fleet concept for operational flexibility, Asa
minimum, two independent (different major subsystems) launch, upper stage, and rctum 10
earth (especially for manned missions) systems must be employed 1o provide assured access
for the specific, high priority payloads designaied in the mission model.

A viable architecture must capture 100% of the missions in the model option for which it is
synthesized. Requirements for large, driver-type payloads which fly on an infrequent basis
should not be allowed 10 exert inordinate influence on the architecture. Drivers shall be
idendfied for government concurrence.

*All elements, equipment, and operations associated with any OTVs must be included in the

architecture costs. 10C for OTVs (jmund or space-based) is to be determined by analysis.
A minimum of 3 years (elapsed time) must be allowed to ramp up a new system to full
operations (steady state) to provide a smooth transition between existing and new

architectures (facilides, systems, equipment and operations).

Assume the following systems exist in 1995: 4 orbiter space wansportation fleet with launch

~ facilities at ETR and WTR whose total launch capability is 16/yr; Titan IV at ETR and WTR; a

A-6

A-7

A-8

new medium ELV at ETR; PAM, IUS, and Centaur G' upper stages; and an unmanned OMV
(one each, ground and space station based).

Reserve for future use.
Use government furnished Shutde and Titan IV cost data (STAS input).

= Extrapolate to higher flight rates
~ Assume maximum of 6 launches/year from existing Titan IV (TTV) pat at WTR

For reusable vehicles (or reusable elements of vehicles) the number that must be in the active

inventory in any year must be one greater than the number necessary to support the number
of flights in that year.
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,ANNEX H: NATIONAL AERO-SPACE PLANE (NASP) PROGRAM

The NASP Program is an on-going national program, and is there-
fore included as an integral part of the NSSD Space Transpor-
tation Architecture. The current phase of the effort is devoted
largely to technology development. Many of these technologies
will apply directly to future rocket-powered space transportation
systens,

1. PROGRAM

The goal of the National Aero-Space Plane Program, a joint
DoD/NASA program, is to develop and demonstrate hypersonic and
transatmospheric technology for a new class of aerospace vehicles
powered by airbreathing rather than rocket propulsion. A family
of operational vehicles, built on the technology developed in the
National Aero-Space Plane Program, could include a next gener-
ation space transportation system, military aircraft, and a
hypersonic cruise transport. The program 1is structured to
provide a validated technology base by the mid-1990's for single-
stage-to-orbit vehicles wusing airbreathing propulsion as an
option for the next generation manned vehicle. If the NASP
technology objectives can be achieved, an order of magnitude
reduction in payload cost to orbit appears attainable with
flexibility of operation and basing. The technologies also have
application to hypersonic aircraft for sustained hypersonic
cruise in the atmosphere providing the potential for rapid point-
to-point travel on the earth.

In 1384 and 1985, a Phase I Concept Definition, or feasibility
study (see Figure 1), was conducted by the government to deter-
mine i1f the key technologies were sufficiently advanced to
warrant proposing the NASP program. .Based on the positive
outcome of that study, the NASP program was proposed; and on
February 4, 1986, President Reagan announced the program to the
Congress and the Nation during the State of the Union Address and
directed NASA and the DoD to proceed. Since future aerospace
vehicles based on the technology developed in the program will be
of benefit as both civil and military systems for aircraft and
space transportation applications, the DoD and NASA have there-
fore combined their resources and expertise in this joint

progran.

The current Phase II activity focuses on developing the NASP
technologies and consists of three parts: (1) development of the
key enabling technologies in propulsion, materials, structures,
and aerodynamics, this development to take place in government
laboratories and in industry: (2) development of propulsion
system components and, subsequently, a large-scale propulsion
system module, as close to flight weight and size as ground

!
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facilities will accept, which will be designed, built, and tested
by industry; and (3) conceptual design of vehicle configurations
and development of large-scale airframe components that will be
designed, built, and tested by industry. In the second area,
Phase II propulsion contracts were awarded two engine companies
in April, 1986, with a third engine company added subsequently.
In the third area, Phase II contracts were awarded in April 1986
to five airframe companies, At the end of the first part of
Phase II, two engine contractors and two or three airframe
contractors will be selected to continue through completion of
Phase II. This phase should be completed in <inniasEEShERERyYand
will be followed by a technology readiness assessment and
decision point on proceeding with the Phase III flight research
program. !

With approval to proceed with Phase III, one engine contract and
one airframe contract will be awarded to design and build the
experimental vehicles for the flight research program. The plan
is to build two experimental vehicles for flight testing and

another vehicle for ground tests and spares. Funding for the
NASP_program includes about #l8, for Phase II, &“ ———re

———
—. «fl BII[IOVI ,
The experimental vehicle, officially designated the X-30, will be
used to extend the development of the technologies to higher Mach
number and altitude conditions than can be fully simulated in
ground facilities. It will alsoc validate the integration of the

129

technologies and demonstrate their performance throughout the _

flight envelope. The performance goals for the X-30 vehicle
include demonstrating the technologies for horizontal take-off
and landing from conventional runways, sustained hypersonic
cruise in the atmosphere, acceleration to orbit and return, long-
life reusable systems, and more conventional airliner-like

operation.
2. AERO-SPACE PLANE CHARACTERISTICS

Although the aero-space plane is characterized as an airplane
that will fly to orbit, there are major differences between prior
aircraft and this vehicle. The unique feature that distinguishes
the aero-space plane design and capabilities from current
aircraft (and rockets) is the advanced airbreathing propulsion
system that must provide required thrust from takeoff to close to
orbital speed and operate in the demanding environment across the
speed range. Another major difference is the degree of integra-
tion required between the airframe and the airbreathing propul-
sion system, resulting from the strong interdependence of the
vehicle and engine flowfields. The aero-space plane design takes
advantage of the flow compression developed through the vehicle
forebody flowfield ahead of the inlet to produce the elevated
pressures required for the combustion process, and further uses
the aft undersurface of the vehicle as a portion of the engine
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exhaust nozzle. As a result, the performance of the airframe and
the engine is strongly coupled, and they must be. carefully
integrated to produce the desired overall vehicle performance.

3. TECHNOLOGY .DEVELOPMENT

Significant progress has been made in key aero-space plane
technologies, particularly during the last decade, in air-
breathing propulsion, aerothermal structures, and computational
fluid mechanics. Phase II of the NASP program focuses and
accelerates the further development of these key technologies
specifically for the aero-space plane through efforts in both
government and industry laboratories. These efforts include a
program to mature the fundamental technologies and a program to
provide ground demonstration of key systems or subsystem ele-
ments. This focused technology development will lead to the
possibility of operational aero-space plane systems by the turn
of- the century.

TECHNOLOGY MATURITY

Both experimental and computational tools are being used to
identify and develop the technologies, with computational
capability playing a more significant role than has been possible
in the past. In fact, computers will be the primary tool for
aero-space plane analyses and design for very high Mach number
and altitude conditions where wind tunnel simulation capability
is limited. Extensive analyses and testing are already underway,
addressing configuration concepts, impacts of different trajec-
tories, various propulsion systems, materials and thermostruc-
tural concepts for the engine, hydrogen tank, and airframe,
active cooling systems, cryogenic systems, etc. Extensive tests
and analyses will be conducted for various propulsion concepts
over a broad parametric range of conditions to develop the
required technology level and ensure a thorough understanding of
the low-speed, supersonic, and hypersonic engine cycles including
combustion processes, internal and external flow phenomena and
effects, inlet and nozzle performance levels, transition between

engine cycles, etc.

The primary enabling technology for the aero-space plane is the
scramjet which is' needed for operation at speeds beyond about
Mach 6. As a result of an extensive experimental and computa-
tional effort over the last decade, sufficient net thrust has
been measured to demonstrate that a scramjet system can acceler-
ate a large aircraft at hypersonic speeds. The scramjet design
and operation have been optimized in these sub-scale tests for
internal geometric configquration, fuel injection and mixing, and
ignition and combustion efficiency. The capability to test
reasonably-sized scramjets is limited by wind tunnel size, and
achievable flow velocity, flow rate, temperature and pressure:;
therefore, this technology will be extended to higher Mach
numbers based on computational results verified by partial

!
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simulation of selected parameters in wind tunnels. Since the net
thrust of the scramjet engine is projected to be strongly
sensitive to vehicle forebody viscous flow effects and also to
the vehicle afterbody configuration for the high- Mach number and
altitude regime, the X-30 flight research program is required
both to further develop and to demonstrate the: technology above
Mach 7.

The computational power of today's supercomputers is an enabling
capability for the complex analyses of the aero-space plane
configurations, aerodynamics, aerothermal structures, controls,
etc. Supercomputers in government laboratories and in industry
will be used extensively in the modification and application of
existing codes for analyses of aero-space plane configuration
aerodynamics, trajectories, controls, structural concepts, and
subsystems, benefits and penalties. With this computer power,
the full 3-dimensional viscous flowfields are being calculated
for potential aero-space plane configurations, including internal
flows, boundary layers, shock interactions, etc.

The requirements for structural materials for the aero-space
pPlane center around 1) the need for high strength-to-weight at
low temperatures (low speeds) where gust loads dictate the design
criteria, and 2) a high temperature capability with a substan-
tially lower strength~to-weight requirement, since pressure loads
will be considerably less at hypersonic speeds where heating is
highest. For acceleration to orbit and reentry, the structure
will be designed and the technology developed to accommodate the
significant total heat load and high peak heating loads. For
sustained hypersonic cruise in the atmosphere, the dominant
factor is flight at hypersonic speeds; as a result, a more
efficient hydrogen tank insulation system will also be designed
and developed to minimize boiloff of the liquid hydrogen. With
the recently developed capability for conducting fully integrated
fluid-thermal-structural analyses, minimum weight structures will
be designed using this technique for the required supersonic and
hypersonic conditions precluding overly-conservative structural
designs with their large weight penalties.

There are a number of candidate structural materials for the
aero-space plane including titanium, superalloys, advanced
.carbon-carbon, and high temperature composites. High temperature
metals and advanced carbon-carbon, the latter having improved
properties over the carbon-carbon on the Space Shuttle, are well
characterized. These materials will be evaluated for the
fuselage, tank, engine structure, etc., in order to identify and
develop the materials and structural design combinations, and the
associlated joint, fastener, and fabrication technologies, that
provige the needed performance at the lowest structural mass
fraction. , . : ' o ,

For those areas of the vehicle where the temperatures are
projected to reach levels beyond the capability of available
materials, such as the 1leading edges of the engine splitter
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plates, ' the inlet cowl, the fuselage nose, etc., the structure
will require cooling. Various techniques will be evaluated and
the technologies extended to the required levels through experi-
ments and analyses specifically for application to and demon-
stratioh on the X-30 vehicle. Candidate cooling techniques
include hydrogen regenerative cooling and film cooling for large
areas such as the combustion chamber walls, and heat pipes and
liqzid metal heat exchangers for very localized hot spots on the
vehicle. '

TECHNOLOGY DEMONSTRATION

In addition to the laboratory technology development and small
scale demonstrations described above, Phase II ' of the NASP
Program includes major large scale demonstrations of critical
system and subsystem elements. These demonstrations, performed
primarily by the industry, focus on major airframe components and
propulsion systems which can be ground tested prior to experi-
mental vehicle application and will include:

=  Full scale propulsion modules and components
- Cryogenic tankage/TPS T

- Integrated wing-body thermal structures

- Actively cooled nose cap - proof of concept
- Wing/tail leading edge cooling

- High temperature seals

The NASP program emphasizes these enabling technologies as well
as avionics and controls, cryogenic systems, environmental
control, instrumentation, flight simulation, and pilot/vehicle
interface. With the specific exception of the airbreathing
propulsion technology, these technologies will be of significant
benefit and directly transferrable to future rocket-powered space
transportation systems. '

4. APPLICATION STUDIES

The full spectrum of potential NASP roles will be addressed in
applications studies, ranging from single-stage-to-orbit space
launch to sustained hypersonic cruise within the atmosphere. The
space transportation application, as a follow-on to the Space
Shuttle, represents both the highest technical challenge and
potentially the greatest operational payoff of the NASP technol-
cgies. An operational aero-space plane could offer the potential
for an order of magnitude reduction in payload cost to orbit with
the flexibility of a variety of launch and .recovery sites
(runways). The program will assess the range of vehicle payload
capabilities by focusing on aerodynamics, structural, propulsion,
and subsystems scaling. :
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Approximately $8M of the Phase II program is directed toward
operational vehicle system application studies and technology for
assoclated life cycle cost reduction approaches. The latter area
includes manpower reduction, reliability and maintainability,
logistics, autonomy, supportability and other aspects which may
be incorporated into Phase III as part of the flight research
program. For example, the major cost drivers of reusability and
rapid turn-around will be demonstration objectives.

5. SUMMARY
Phase Il

WEBpupnamniiiwee [he NASPY Program

2B (Technology Development) is well underway and includes a
"core" program leading to the maturity of key subsystem technol-
ogies and a demonstration program when the critical components
are sufficiently tested to permit initiation of a experimental
flight vehicle phase (Phase III). Phase II also addresses
Preliminary vehicle designs and potential system applications.

With the successful demonstration of the very advanced and
innovative technology of the NASP program, the Nation will have
broader options available for a next . generation of launch
vehicles and aircraft with capabilities that will clearly
maintain world leadership for decades to come in both space and
air transportation.
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6.10 HALO (HIGH ALTITUDE LAUNCH OPTION)

-

SeOERT Y HALO CONCEPT PRESENTED AT
PRESENTATION (HIGH ALTITUDE LAUNCH OPTION) KSC
by BOEING SEPT 17, 1987

THIS CONCEPT WAS STUDIED EARLIER (1981 - 83) BY AFWAL AND AFRPL
FOR APPLICATION TO THE ADVANCED MILITARY SPACEFLIGHT CAPABILITY
(AMSC) MISSION. THE CONFIGURATION INCLUDED SPACEPLANE PIGGY-
BACK MATING TO A BOEING 747. NUMEROUS TECHNICAL SHORTCOMINGS
ARE IDENTIFIED IN THE REPORTS. THESE INCLUDED:

® MATING AT AUSTERE BASES

® DROP TANK DISPOSAL FOR ABORT

® INHERENT WEIGHT SENSITIVITY

® RUNWAY BEARING LOADS

® TAKE-OFF GEAR CONFIGURATION

A LARGE JET-POWERED AIRCRAFT CONFIGURATION THAT SOLVES /
AVOIDS THESE PROBLEMS WAS STUDIED BY NASA/DRYDEN IN 1973.
A COMPREHENSIVE DESIGN STUDY WAS PERFORMED WITH VERY

ENCOURAGING RESULTS.
§G O E/T STUDY PRESENTED AT
IPR-1 SPACEPLANE KSC
PRESENTATION
b BOEING SEPT 17, 1987

HIGH ALTITUDE LAUNCH OPTION
HALO

AN INTERIM UNMANNED (UNPILOTED), FULLY REUSABLE.

HIGH LAUNCH RATE, SMALL PAYLOAD, ORBITAL DELIVERY/
DOWNLOAD SYSTEM LEADING DIRECTLY TOA TWO-STAGE
AEROSPACEPLANE

FEATURES

LENGTR e, 120N
WINGSPAN &Lm, n

FAYLOAD BAYLENCGTN b, 260

GROSE HliCnT VIOK ag, SBIK D (24T
GROSS WEIGAT. ook 1g, 460K . (C-5T)

VAUNCn PRCPELLANT: 147 TK g, 26K . (747)
ORMNTAL MANEUVERNG  100amvsec, 128 nssec.

CRY wiGnl 2iK0g 6IKD
WP FAY.GAD seTiaL Jdd g 7100
NeAR T A CAOWTR (D0 sg. 132000
- : 0 17 WTDLIDNE
FAR-TEAM GAOWTA 12000 8g. 26400 © .n:‘ “m““* P‘_ el
Clmrn FarLCals Gub0ag, 13000 PN SIVIPWN VY
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S§GOET STUDY PRESENTED AT

PRES'ES';AHON HALO FEATURES KSC
b BOEING SEPT 17, 1987

® ELIMINATES NEED

e VAB, MP, CT, PAD, AND THE MYRIAD CF
ASSOCIATED SUPPORT SYSTEMS

¢ EXPENDABRIE EXTERNAL TANKS

e SRB'S & SKRB REOOVERY SHIPS & FACILITIES
e VERTICAL PAYLOAD FACILITIES

& STANDING KSC ARMY CF 15 THOUSAND

e SHARED CRITICAL STS FACILITIES

¢ LARGE MCBIIE SUPPCRT TEAM AND HEAVY BEQUIFMENT FCR
SPACEPIANE POINT-TO-POINT TRANSFER

® PROVIDES IMMENSELY SIMPLIFIED STS CLS EXERCISE
- NO CRANES NEEDED FCR PIGGYBACK SCA MATE

- C-5T CARRIES ALL SAFE AND DESFRVICE GSE IN QNE TRIP TO CLS
- POTENTIAL 24-HR CYCIE FCR STS CRBITER RTLS

® REQUIRES

® 2 MDIFIED BCEING 747's OR 4 C53, 2 NEW (ENTER SECTIONS,
NEW LOW-BYPASS, HIGH THRUST, FUEL EFFICIENT ENGINES

® 6 NEW SIMPLIFIED [ESIGN, LIGHTWEIGHT SPACEPLANES
® SPACEPIANE HORTZONTAL PROCESSING FACILITIES

® ATRPIANE PARKING AREAS AND SUPPCRT BUILDING
(NO HANGAR)

® IO0X AND LH2 STCRAGE NEAR RINWAY

= ACCEIFRATED SCENARIO FILIS SPACEPLANE FRCM HIGHWAY
TANKERS USING QUICK/STMPLE PROPELLANT MANIFCID SYSTEM
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SO m STuDY HALO FEATURES PRESENTED AT

IPR-1

PRESENTATION (CONTD) Ksc

» BOEING SEPT 17, 1987
® PROVIDES

® HIGH LAUNCH RATE CAPABILITY (DAILY OR ON-DEMAND)
® (FFSET LAUNCH CAPABILITY - FIEXIBILITY

® IAUNCH FROM ANY 200' BY 12000' RUNWAY (73 CF THESE
CERTIFIED BY USAF/MAC AVATIAEIE WORLDWIDE) . -

® CAPABILITY FCR 37% OF MISSION 2/II PAYIOAD SIZE
AND OVER 2.5 MILLION LBS PER YEAR IN LEO

® ON-DEMAND PASSENGER DELIVERY (R RETURN (VEHICTE MANRATED)
-SPAGSETIQJRESGJEVEHICIEF(RPRICECFMPAYLMDM

L AIRPLANE AVATIABILITY IN IESS THAN 3 YEARS AND SPACEPLANE
IN LESS THAN 5 YEARS FROM Q0

@ Successful performance of the design is depédd.e'rii on operational simplification relative

to AMSC .
® High-G accelerated reentry unacceptable and unnecessary for small cargo/rescue
vehicle

= Skip reentry, once-around a la Sanger should be considered for structural and

TPS simplicity
® Large cross-range and resultant design impact also unnecessary for small cargo /

rescue vehicle

@ High launch rate dependent on spaceplane simplicity
' ®  AMSC spaceplane turnaround goal - 2 days
L 4 S-day turnaround in a non-overtime, S-day work week scenario requires 6
spaceplanes for daily launch schedule (sans Sunday)
® 25 millon Ibs. per year to orbit requires 333 flights at 7500 Ib P/L

@ Alrcraft launcher availability dependent on USAF willingness to provide 2 ea. C~5A cargo
aircraft for modification '

® Rapid spaceplane DDT&E/deployment dependent on existing state-of-art technology
application to the very simplest possible requirements and a “skunk-works" production.
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S G O E/T STUDY ) i
HALO PRESENTED AT
KSC

1PR-1
PRESENTATION .
RESENTATIO INITIAL 747 LAUNCH PROFILE Sepr 17, 1687

SPACEPLANE COASTS TO
400 \a APOGEE, uSES
AL-10 T0 CIRCULARIIE

SPACEPLANE ENGINE
CUTOFF AT 80 km AT
1.95 wa/sec -
T4
7
' d
SEPARATION AT
259 ANGLE OF
TkAJECTORY AT
42,600 ft
Al WACH 0.85
747 THAOTTLES BACK
10 GLI0E IDLE POWER
147 INTIATES PuLLub L mm———o o
AT 36,700 1t \ -~
Y
S
~
\
\
M 747 GLIDES BACK TO
747 NAKES MALINUM o : ,l

147 PERFOANS 160 o0é9. PEAFORMNCE CLIMG
Toak 15 Tn€ LAST

W ELDNE
Ot ENCIMEETNG
Cutbatimod AL Sbanin Pans

il Seiaad, avibasan Jed)
747 LANDS WITH RIKINAL

FUEL RESEAVE

TAREOFF YO THE WEST
119

S G O E/T STUDY HALO PRESENfED AT
KSC

IPR-1
PRESENTATION SPACEPLANE MOUNTED ON 747 CARRIER
w BOEING SEPT 17, 1967

0 60 80 100

A J

SCALE IN FEET

1"

W TELEDYNE

BROWN ENGANEERNG
CUMMINGS AESEAACKH PARK
NUNTIVILLE, ALABAMA 15807
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- SG O E/T STUDY ' PRESENTED AT

IPR-1 SPACEPLANE VIABILITY
PRESENTATION KSC
vy BOEING : SEPT 17, 1087

° REQUIRES 747 THRUST AUGMENTATION
-46.2€FT.; MO.85
- 4 EA. AL-10 PRELAUNCH FIRING
+5 MINUTES
+LOX AND LH, TRANSFER FROM 747
+747 AIRFRAME DEGRADATION

o LARGER, HIGH-WING AIRCRAFT SOLVES MANY PROBLEMS
- INCREASES SPACEPLANE GROSS LAUNCH WEIGHT APPROX. 8OK LB.
- ELIMINATES AIRBORNE PROP. TRANSFER, DEWAR AND SYSTEMS
- ELIMINATES PRELAUNCH ROCKET FIRING
- ELIMINATES COSTLY, TIME-CONSUMING, HAZARDOUS
LIFT/ MATE OPERATION
- IMMENSELY EXPEDITE/SIMPLIFY CLS ACTIVITY
- CAN SERVE AS ALTERNATE SCA
- CAN FERRY NEW STS EXTERNAL TANKS ON EXPEDITED SCHEDULE

SG O E/TSTUDY PRESENTED AT
PRESERTATION TWIN FUSELAGE C-5A (C-5T) KSC
by BOEING . SEPT 17, 1987

AIRCRAFT

OPERATIONAL

GROSS WT - 634,400
AIRCRAFT FUEL - 100,000
SPACEPLANE - 478,700

l-——m.:w fr—e] W

REF: NASA CONTRACT NAS4-2058
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6.11.1

FOREIGN LAUNCH VEHICLE MATRIX

g————-—_—

L3 [ 3
International Launch Vehicles
PERFORMANCE
PROPULSION DIMENSIONS & WEIOHT Paytosd (b.)
Country/ , v Btage or %I.: Launch
Vehicle Neme No. Engines Contracior Desigration m m.) )" (ﬂ-!‘ [ %] Orbital Escape
PEOPLE'S REPUBLIC OF CHINA
FBIESLY® |- 1 4 - - NeO/UDMH 617,300 109 0.3 420,000 4,410, -
=) H b - z e gt [0 (20 2 - Hewvy
payloads.
FRANCE
ESA/Ariansepace
Avigre 2 CNES/Ariarespace | 1 4 x Viing 5 Bouid jole/SEP | L-140 NOJ/UHZS 601,000 125 58 490,000 s 3.200%
H 1:%‘“ SEP (B W 177000 [ 1] ne {fotal) {geostationary
k) 1z HW- ﬁ Asrospstale/SEP | B0 Uy 14,000 [ 1) u2 aneler)
Aare 3 CNES/Aiansspace | 1 4xViing § Asrospatials/SEP | L1440 NO/UH2S 01,000 125 58 630,000 8,890 1.TR0
1 2x P1.3 sobd BP0 PAP Sold 250,000 k1] 82 o) (geoststorary
H 1x 4 bouid ERNO/SEP (& <) W 177800 [&] e vaneher)
Nane 4= Aanewpoe :' ;—::.\:‘hq fouid ;wSEP t‘g &Oﬂa }Zﬁ'ﬁo ﬁ :g ® ©
y ymsm 0 ms Sold ‘#g :g %2 1033000 | 9200 -
xvu'a ERNO/SEP W (ARML) | (geostatonary
3 1 x HM-78 Iquid Asrospetisle/SEP | H-10 LMy 14,000 [ 1] 2 Ywrwl, P i)
ESA/CNES™
Nare 48 lmm[‘ | 43 viong 5 s | Asrosetalesse? |vao ]wues [ om0 | 128 f s ]mm [ 410 [~
INDIA Incian Spece Ressarch Orpanization (ISRO)
8LV VSSC 1 1 x sold (S-1 VSSC - Sold 95,000 - n5 37,500 [ ] -
2 1 x sold vSSC - Soiid - -
3 1 x pold vasC - Sobd - -
4 1 x goiid VS5C - Soid - -
JAPAN
WWWWM)
N L, ] )] x MB-3 | MH DBV-3P-1 LOX/RP-1 172,000 [ 1] 5 267,000 4400 m
1 $ x Thiokol N Cantor 2 Solid : 52000 |28 28
2 | 1xAsrcist AND-118F | MHL i N0/ Asrozing 50 1000 {80 190
3 1 x Thiokol TES4-4 | MHI Sold 15,000 a0 87
HiA M 1 1x %lﬂ;‘l M DSV-IP-1 LOX/RP-1 172,000 80 s 306,480 7400 -
1 9 x Thiokol (o] Castor 2 Sold 20000 | 28 28
2 1xLES o - LOX/LH, 22,000 80 22
3 1 UM-120A N - Sold 17,800 00 85
W2 [, ] 1 1 - M LEX LOX/LHy 200,000 131
1 2%~ NM - Sold 2,10 59 1508 £28,000 4410 -_
2 15— (] LES LOW/LH, 228000 {131
BAS
M-35-2 N 1 10— ] 13 Sold 280,000 48 a7
1 20— ] $8-73% Solid J00 24 28 138 400 1,700 04
2 15— NM w23 Sold 117,500 46 208
3 19— N M8 Sold 2,700 54 25
USSR
Sopax¥ (SL4) |— % 16 x RD-107 - RD107 LOX/hercssns 900,000 30 @8 720,000 16,500 -
1 4xRD-108 - RO-108 LOX/kerosens 225,000 [ 2 ) Nna
42 4xRD-108 - RD-108 LOX/acoserw 225,000 (7] 23
Prown® 8L |~ % |Sxiqidpropetent |- - LOX/UDMH - - - - 20,000 -
1 fepid propelient - - LOX/UOMH - - - .
" Il e+ o - RO v Z - z j 50,000
- - } - - - - - -
1|2 - s Moo 1= |= =
_ 2 - - - NgOa/NeHe UOMH - - -
sages 4 lquid srapors - - - - - 10 400,000 | 200,000 o -
£,000,000
* srpos.  **Exciuding peyloed. BAS—inat. of Space & Asro. Sciences—U. of Ti MPC—Minubishi Pracision Co. RP- rocket
S A ey B e oo
ONE! Neforsl for Space Sudes  LOX—Linuid wmm SLv—Standerd Launch Vehicle (DOD general museiors)
ESA—Europesn Space Agency MeD Natonal Space Development Agency dmethytydrazne
GD—General MO--Metsushita Indusiries NV—Nissan Moiors Technologies Corp.. Chermecel Systems Div.
IAFN—inhibited red fuming niric scid We—aubinhi Heavy Indusiries PAW-—Pratt & Whithey Arorsh V5SC—Vicam Serabhie Space Certer
* Mui-bum Bosic vehicles inchde Than 7 Gieo. synch. Yransler orbit with Tian T340, »YS dos
Y $00-naut. Ml {115t i) circuder orbiL 38, Aliss 5LV-3A and Thor. Payloads shown are * Langth Inchuding noes fairing P 200km / 1
# Than MB, 2 5LV som Western Test Rargs: with Allas SLV-JA booster, % 450 nml. croder Bun synch, orbil with AKM, B Trangles ortil for 8 12:bv. final orbit period
MDT /4 from Essiem Test Renge % Contaur D-1A stages re kr Ahas SLV-30 wehicies, ™ improved N-1 with Dela Guidence pianed ™ Vit OKM/S,
3 Towl sl rockets 8 shown. Al Deles Contaur D-1 Tia & mochied Contmus used It connec.  for 198081 leunch. Improved N-2 with ¢ cryopenic  ® Limiled by 85K shutie B capab.
Ingie oix ot [~ ] fion with Then 3E. Both heve multbum capebiibes, WMM ® Geostatonary orbi
“Tow train b duing sold bun. D1 T has demoneiraied & Fero-g const 1o resiat " PAM-D la Payioad Assist Modude—Deita class, & B 450 n.m circule sun sync. orblt with AKM
orbit ‘ ocapabiity ge wel. McDonnell Dougias commerns! development caps: ¥ For development leunch mid-1906.
* Sirap-on Iquid or solld boosters, Avinne 4 peries - from §S-8 ICMB. “SL" s US. desigre- bis of cperaling sther s s fird sage 0 Dsta @ ®For launches
# Farchi stage vehicle system with Nevater peylosd flon lor spececrsfl leurchers. Ww-npmm Sidere d o of lpunchens AR,
for ™Mo 100 X 10,900 naut e ranwier :wmmmmn :Tw-um .M,MP. ARMLP, L
 300-naut 4w (345-skat i) orbl from cue-sset isunch. ™ Saina launcher. """271 'mi orba -;;."""...‘:"“""
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6.11.2

FOREIGN SPACECRAFT MATRIX

S — e oA —————————r
International Spacecraft
mtlon/OmnMnIion Contractors/ Weight
Gpacecrait Name Experimenters ) Launch Vehicle Remarks and Purpose/First Launch
ARAB LEAGUE Arab Sateflite Communication Organization (ASCO)
Arsbeal ] Aerospataie/Ford Asrospace [ 1482 l Anane/Space Shutie ] Two sateliies C-band comm. S-bend TV. Both operatonal, 385, 885,
AUSTRALIA
Auseat 1,2.3 ] Vughes l 140 ‘ Space Statte/ Arisne l 3 14712 GHz satetes 15 ncl T.V. broadcasbng/July 85, Oct 85, 47,
BRAZIL Embratel
SBTS | Spar(Canada) Hughes ] 1489 | Arane I 2 domestc 24-tansponder, C-band sateles/Feb. 1685, Sept 1985
CANADA Telesat Canada
Ak C1 Q.G Hughes, Spar 2550 Shuttie 3 domesic comm. 14/12 GHz/11-1182:6-83
Ank DY, D2 Spus (Canada)/Hughes 270 /Detta 2 domestc comm. satelites, 6/4 GHz/8-26-82, 11-84.
AuhE1E2 Spar 5500 Aniane 4 18! quarter 1990, rd quarter 1980
CHINA (Beijing)
Cwa 9, 10, 11 - - CSL-2(F8-1) Space Physics saieiines launched in single boosier. §-10-81.
China 12,13, 14 - - - Scenthc sats /10-5-82.8-10-83,1-28-84.
China 15 {STW-1) - - - Expenmental comsat /4-8-84
Chna 16 - - CSL-2 Earth resources sat./10-21-85
Chwna 17 - - cza Second comsat 1986
China 18 - - CSL-2 Tost sat/10-86
Chra - - - 2 Brosdcast Polental suppliers: RCA, MBE, Matra. 1968
Fengyun 1 - - [or 2] Woather sat /1987,
EUROPEAN SPACE AGENCY (ESA)
Moteosat-12 Asrospatisle led consortum 1,430 Dels 2014, Ariane Waeather deta/11-22-77,6-19-81, 86-90.
Metecsat P2 isle lod . 1,480 Arane 4 Weather satefite/md B5.
D&Mmous MOP-1,-2.:3 Aerpspatiale led consortum 1550 A 4 Geostationary weather satolite/9-88; 1-90, 1891,
ECS1/2,3,4.5 BA/Matra 1,345/1,500 Anane 1/Adigne 3 Opirml saicom/6-16-83, 8-4-84, §/85 (hn:hhin) $-87, mid-88
o182 MESH/BA/Telefunken 980 Dehta 3014 Pre-operatona! satcom/5-11-78.
Marecs A/B2 BAe/Matra !.350/1.375 Arane 1 Marmme Communications/12-20-81,11-9-84.
BAe led consortium 3180 Aiare Multpupase platform 1989.
Exosat Cosmos/MBB 1,118 Detta 3914 X-ray observatory/Re-entered 5-36.
lggus STAR, Domier led consortium 770 Shutte/IUS-PAM D Measure madum out of eciiphic plane/ 10-50.
[ Aerospatiale ied consorium 4949 Angne infrared astronomy/4-93.
Npgu'wl Matra ied consorium 2508 Aniene Space momevy Mission/4-89.
ERS-1 Dorreer ied consortium 5,300 Nane & Ramole sensing of oceans and ice Zones/4-90.
Euwreca MBB/ERNO led consortum 8,800 Space Shwitle Retnevadie camer system/8/80, Ret. 9/91.
FRANCE National Space Ressarch Canter (CNES)
%ﬂ 3 Matra/CNRS 25 Soviet launcher Gamma rays anc solsr UV/6-17.77
T12 ra 1,540 Arigne 1/Anene 2r 3 Eanth resdurces. 1986-89.
Telocom IA.18,1C Matra/Ford Aerospace 2535 Asisne 3 Dets-to-islephone satcom/1984; 1985; 1987,
TOF-1, TV-Satt; Sa2 iale, MBB 2645 Aiane2/Niane 4 French/German broadcas! m
TOF-2 Aerospatae, MBB - Ariare 4 Direct Brosdcast /1968 or
Hermes CNES/Aerospatale 37,486 Aiane 5 Manned Space plane. memws
GREAT BRITAIN
Siynet lawu-m - Adiane/Than l UK; mifary COmmMuUnCations.
INTELSAT
Inteisat 4A Hughes 1,745 Atles/Contaur 6K are. 20-transponder satoites/0-25-75.
Imeisat 5 (F1.9) Ford ASrospace 228 Alias/Contawr, Ariane 12K arc. K-band/80-84
Imeisat 5A (F10-15) Ford AeroSpace 4300 Aties/Contaur, Aigne 15,000 2-way circuts; K-band
inisisat & Hughes 4,000 Shutte, Anane 4 30K erc., 674, unzsmsomnusm
INDIA Indian Space Research Organization (ISRO)
Bhaskars-1.2 ISAC/ISRO §79-961 Sowviet launch vetucle Earth observaton/6-7-77, 11-20-81.
neat-1B, 1C, 1D Ford Aerospace 2534 Deita, Stuste, Aviane 3, Delta 1 B, 8-30-83.1C, ma. 1D, 1988,
RS-1A 1SAC/ISRO - Soviet launch vehicle Remole /1988
neat-2A, 28 ISRO 2000 - Mulipurpose - 1990, 1991.
INDONESIA
Paiapa 1, 2/B-1,B.2, B-2P l Hughes I 00188 ] Dota 2914/Shute ] Domesic satcom/7-8-76, 3-10-77; recov. 101484, 187,
JAPAN
National Space Development Agency (NASDA)
GMS-3, NEC/ o 086/=/1,100 N-2/HATH Geostatonary Metsal /8-3-84, 1989, 1983
E1S3 (Kiu l) Tolhil GE (] NA Engnaonng les! satefite /9482
MOS- 1 1850 N2 Mantme observaton ssieie/ 1987
CS-2A, -28 (Sekwra-2A, -28) MELODlFord hal) N2 Opecswons, Broad-5at/1-23-84
BS-2A, -28 (Yun-2) Toshba/GE 770 N-2 Opesstiona! Broed-Sat/1.23-84, 2-86.
ERS 1 MELCO 3,080 H1A Eonth resources nmm
C53h. - MELCO/Ford . 1,210 H-1A Operatonal satcom.
BS 3 -% NEC/GE 1210 H1A Operatonal vas.mm 1991
JAS- NEC 110 H1A Comaat for smelew raco 1986,
MOS-2 NEC 1,650 N-2 Second maritme cbservaton. Set 1988
ETS5.4 Meico 1,210/4,400 HAH2 Engnsenng fest sa! 1967/1962.
EGS Kowasoki 1,507 3] 886
- - 6,600 Space Shutle Froo fyer 1992
JCSAY 1,2 Hughes 3,006 Anane/Taan Ssicom 2-89
o d NI
AL T

=D IV ENTIONAELY BLANK
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6.11.2 FOREIGN SPACECRAFT MATRIX

N
-

International Spacecraft continues

Nation/Organixation Contractors/ Weight

Spacecraft Name Experimenters (®.) Launch Vehicle Remarks snd Purpose/First Launch

ISAS
MS-TS o) NEC 285 My-35-2 Malley's comet test mission/ 1-8-85.
exosésa?m)' NEC 285 Mu-3§ h m\dosphmIZ 14-84
XETRow o NEC % Mg ol O g

[

ASTRO-8, -D NEC 476, 880 Mu-35,-38-2, .. Astrophysical research/2-20-83, 1990.
Pranet-A (Suse) NEC 285 Mu-35-2 Verus/Halley's comet mission/8-95.
Geotad - 1,650 Space Shutte Geophysxcs. 1991
HESP-1 - - - Soler physics. 1992, -
MUSES-A - - MY-35-2 Lungs survey. 1985,
LUXEMBOURG Societe Europeenne des Sateliites (SES)
Asra1 | PeA Aswo Frecronics |- f Avane 4 | Communcatons.ku Band. 1988 Launch
MEXICO i
Mexico 1, 2 I"‘“"" ||.«7 lsw-sm. lDomsﬁccmmGl‘luMZGWhaﬁ:Sqei
NATO
NATO 3A.8,C Ford Asrospace/NATQ NICS 1,545 Deta 2914 Cormmﬁom/l-zz 76,4-27-T7.11-18-70.
NATO 30 Ford Aerospace/NATQ NICS 1675 Deita 3914 N. Homrsphera and Europe/9-84.
SWEDEN Swedish Space Corp.
Tole-X Awosgatiale/ Eurosatefite 2,65 Aane Direct broadcast, video data Yans./1987.
Viking Sasd Space/Bosing Awospace | 1,179 Ariane Eloctrical, magnetc, aworal stuces/ 1985
USSR
Cosmos Series - 200-10,500 Various n?ta hunter-hiller sateftas launched from

(5-2“2) Km Yo (31662 NM(}W&) Intercosmos camier Soviet
Cosmos 1, 374/1,517 - 2000 0. d. SL8 (SS-5) Sub-scale, shuttie test vehicie/6-3-82, 3-15-83, 1283,
Shuttie - 3.3 milion total Extenal tank & 2 strap-on boosters Full-scale space shuftie vehicie under development.
Cosmos - —_ Proton SL-12 Tmuogylnim EW sats. Cosmos 637/3-26-74.
2 - - SL-3 Bre sounders, muitispectral scanners.
Moiniys 15 - Proton SL-12 meom«hmg /7-29-T4,
m - 14,500 Soywz SL4 Crow of 2-3 in earth orbit/ 4-24-67. ModiRed 1979.
- 42,000 Proton SL-13 Wwyuummdsconm SDACH Staton; 24 man crew/4-19-71; 4-13-82.
Ehran/Raduga/Goriont - - Proton SL-12 Synchronous operational satcom/12-22.75
Progress - 14,500 Soyuz SL4 Space tanker/1/20/78
Vega 1,2 - - Proton SL-12 Combmed Venus lander and Halley comet by spacecrall/ 12-15-84; 12-21.84.
WEST GERMANY
SPASO1/01A Mes 308 | space Stwe Reusabie satelite/mutourose free-fyer/6-18-63, 2.2.84,
ROSAT DFVLRMIMSFC 6,000 Space Shuttie German built, large X-Ray telescope with German, U.S. & UK. experiments/TBD.
T TR |
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ARIANE LAUNCH MANIFEST

Flight Month Vehicle Payload
1887
V18 Aug Ar3 AUSSATK3&ECS4
V20 Oct Ar2 TVSAT 1
v2y Dec Ar3 G STARIIW/GEOSTARRO1 & TELECOM 1C
1988
V22 Jan* Ard APEX 401 : METEOSAT P2, AMSAT &
: PANAMSAT
va3d Mar Ar2 INTELSATVF13
V24 Apr Ar2 TDF-1
V25 May Ar3 SPACENET IR, GEOSTARRO2& SBS 5
V26 Jun Ar3 ECS5 & INSAT1C
V27 Sep Ar4 ASTRA 1 & MOP 1
V28 Oct Ar2 INTELSATVF15
V29 Nov Ar4 TELE-X** & SKYNET4B
*  Decision 10 lsunch ARIANE 401 between Flights 21 & 21 or betwwen Fhghts 20 & 21 will be mede iater on.
% iy the svent that SSC gecided 10 schedule TELE-X on launch, JC-SAT wiil have priotify on Fught 29.
1989
V30 Jan Ar3 OLYMPUS
V31 Feb Ar2 JCSAT&DFS1
V32 Mar Ar2 SPOT 2
V33 Apr Ard SUPERBIRD-A & HIPPARCOS
V34 May Ar4 INTELSATVIF1
v35 Jun Ar4 SUPERBIRD-B & INMARSAT 2 F1
V36 Sep Ard TDF-2 & DFS 2 (or INMARSAT 2F2 or
GSTARIV/GEOSTARTR1)
V37 Oct Ard SATCOMK3 & INMARSAT2F2(orDFS2o0r
GSTARIV/GEOSTARTR1)
v3s Nov Ard4 INTELSATV1F2
1990 -
V39 Jan - Ard EUTELSATIIA& MOP2
Va0 Feb Ard TVSAT 2 & GSTARIV/GEOSTAR TR1 (or
) DFS 2 or INMARSAT 2F2)
V41 Mar Ar4 EUTELSATIIB&SKYNET4C (orERS 1)
V42 Apr Ard INTELSATVIF3 (orANIKE1)
V43 May Ard ERS 1 (or EUTELSATIIB & SKYNET4C)
va4 Jun Ard ANIKE1 (orINTELSAT VIF3)
V45 . Sep Ard EUTELSATIC & ITALSAT
\Z.13 Oct Ard SATCOMK4 & GEOSTARII
v4? Nov Ard ANIKE2

Ariane Evolves

Arianespace, operator of the Euro-
pean-built Ariane rocket, has
scheduled the new Ariane 4 for its
maiden launch in 1988. Despite the fai-
Iur.e of Ariane V18 in May 1986, the
Arisne family has made an impressive
dent in the commercial market.

_The versatility of the Ariane 4 will
continue to give Europe a8 competitive
edge through the early 1990's. The
March 1986 addition of a second
Ariane launch pad enables Ariane-
space to launch as many as 12 flights
per year, sithough present market fore-
casts call for about eight annual
launches in the sarly 1990’'s,

With the backlog of US launches,
Arianespace has had no problem in
finding customaers for Ariane 4, which
has a payload capability of up to 9,250
pounds. It has six configurations to
meet varying launch needs and will
replace the Ariane 2 and 3 launch vehi-
cles by 1990. i 282

SPACEFLIGHT, Vol. 29, September 1987

France is also evaluating a Super
Ariane 4 concept, able to lift 1500
pounds more, that will be uséd as an
interim vehicle before the launch of
Ariane 5. The Ariane 5 will be able to lift
up to 17,600 pounds and will be
launched no sooner than 1995,

At about the same time, ESA’s Col-
umbus module will be under final pre-
paration for launch to the international
space station on the space shuttle. The
first module will be permanently
attached to the station. Later, man-
tended free-flyers wilt be launched by
the Ariane 5.

An extended stage for the Ariane 5
in under study for the boosting of pre-
surised modules 1o the space station or
to an independent Europesan space sta-
tion,



Sanger

In his paper "The Two Stage Sanger
Space Transport System”, Dr. H.
Kuczena, of the German aerospace
firm MBB, said Sanger would combine
two development lines - an aircraft
concept, such as Concorde, and the
Shuttle concept as exemplified by the
US Shuttie and Hermes.

He explained that the upper stage of
the vehicle, Horus, a derivative of
Hermes, would be used in conjunction
with a hypersonic transport plane,
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Sanger. As a global transport, Sanger
would be able to carry 130 passengers
a distance of 13,000 km. Among prop-
ulsion systems being considered are
combinations of turbo and ramjet
engines for the first stage Sanger vehi-
cle.

There are also plans for an expenda-
ble upper stage version for carrying
payloads of up to 15 tons into low-
Earth orbit.

Horus of 91,000 kg weight would be
for manned missions only and would
carry a crew of two. Uses of Horus
would include servicing the space sta-
tion, missions to polar orbit and recon-
naissance work.

Dr. Kuczena said thinking behind
the idea was to develop a system capa-
ble of being launched in Europe with
the ability to cruise to an equatorial
latitude for a more favourable launch
location.

Horus, as a derivative of Hermes,
would benefit from lessons fearnt in
the French-led programme. Launch
costs would be 10 to 15 per centthat of
Hermas with a two to four ton payload
capability.

Cargus, the unmanned version, is
estimated as being able to carry the
same payload into orbit as an Ariane V
but at approximately one third of the
cost.

Development is expected 10 start in
1994 and operations started in 2005,
aflter which launches should comple-
ment those of the US Vehicle.

SPACEFLIGHT, Vol 29, June 1987
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An assessment is made of the technology development and
integration prospects for a horizontal takeoff and landing, or

'Hotol’, launch vehicle capable of inserting 7-tonne satellites
into low earth orbit at a mission frequency of 1/week in the late
1999s. The Hotol would be of approximately the same dimensions

and takeoff mass as the Concorde SST, and would employ a ’dual
role’ hybrid turbojet/rocket able to operate on liquid hydrogen
fuel (combusted in atmospheric air at lower altitudes, and with
liquid oxygen at exoatmospheric altitudes). A hypersonic L/D
ratio characterized as twice greater than that of the Space
Shuttle Orbiter would permit Hotol to return to a European base
from an equatorial orbit, thereby saving turnaround time. Engine
development is the most critical aspect of the Hotol program.
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Europe Banks on Key Program Successes
To Maintain Competitiveness in Space

JEFFREY M. LENOROVITZ/PARIS

national launcher and satellite mar-

kets will be shaped by key program
milestones this year that include the first
flight of an Ariane 4 increased-lift booster
and the outcome of European participa-
tion in competitions to build new commu-
nications satellites for Intelsat and
Aussat.

A successful first mission for the multi-
national Ariane 4 booster would bolster
Europe’s marketing efforts for Ariane as
it faces increased competition from U. S.
expendables and those offered by the So-
viets and Chinese. The Ariane 4 flight is
planned for May/June with a three-satel-
lite payload.

The role of European industry in build-
ing advanced communications satellites
could be determined by results of the In-
ternational Telecommunications Satellite
Organization’s Intelsat 7 and Australia’s
Aussat 2 competitions—in which Europe-
an industry is a key participant. Bidders
for the two major contracts include
France’s Matra, Aerospatiale, and Alcatel
Espace; British Aerospace, and West Ger-
many’s Messerschmitt-Boelkow-Blohm.

*“This year is a crucial one for Europe’s
competitive standing, and a lot is riding
on what will happen in the coming
months,” one European aerospace execu-
tive said. “A successful launch of Ariane
4 is important for the booster’s credibility,
while the outcome of the Intelsat 7 and
Aussat 2 satellite competitions will go a
long way in determining the future of Eu-
ropean companies in the telecommunica-
tions satellite business.”

Frederic d’Allest, president of Europe's
Arianespace management/marketing or-
ganization, said Ariane must demonstrate
its capability this year for routine, regular
launches to keep a hold on its dominant
position in the commercial launch ser-
vices marketplace.

“We are in an environment that is
more competitive than ever, but we have
established and consolidated our position
as a leader in the launch services field and
we plan to maintain it,” d'Allest said.
“We feel we have this place because we
made the right choices in going to the
[expendable launcher] design for Ariane
well before the Challenger accident, and
we have developed a range of perfor-
mance improvements to create a family of
vehicles as our program matured.”

The first flight of the Ariane 4 in-
creased-lift launcher currently is sched-
uled for the second half of May or early
June, and the booster is being integrated

E urope’s competitiveness in the inter-
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on its mobile launch table at the Guiana
Space Center’s ELA-2 facility.

Ariane 4 is capable of launching pay-
load masses of 4,200 kg. (9,250 Ib.) into
geostationary transfer orbit. The Anane's
first stage can be equipped with solid or
liquid strap-on boosters or a combination
of the two. The vehicle will become the
primary Ariane version in operation
through the 1990s, when it is scheduled to
be succeeded by the heavy-lift Ariane §
which was recently approved for develop-
ment by member nations of the European
Space Agency.

The three payloads to be orbited on
Ariane 4's maiden flight are the European
Meteosat meteorological satellite, the
Panamsat telecommunications spacecraft
and an Amsat amateur satellite.

Arianespace—which is responsible for
Ariane marketing, management and
launch—has an order backlog of 43 satel-
lites with a booking value of $2.36 billion.
Contracts for 63 satellites have been
signed by Arianespace since the company
was founded in March, 1981. D’Allest
said Arianespace’s payloads are divided
nearly equally between European and
non-European customers.

Program engineers expressed confi-
dence that problems in Ariane’s cryogenic
third stage, which caused three of
Ariane’s four launch failures, have been

overcome, and a regular launch pace can
be resumed. The current target is to per-
form eight missions in 1988, followed by
nine flights in 1989. Ariane’s first 1988
launch is scheduled this month using an
Ariane 3 version. This means seven addi-
tional firings will need to be made in the
following nine months if Arianespace's
1988 schedule is to be maintained.

In addition to resolving the third-stage
HM?7 motor’s ignition problems that were
determined to be the cause of Ariane's last
failure in May, 1986, program engineers
also found there were temperature varia-
tions in a cooled submerged bearing in the
HM7's turbopump. Much attention has
been focused in the past months on the
bearing’s temperature variations to ensure
the phenomenon is understood and to veri-
fy it does not pose a risk during flight.

“To be prudent, we want to better de-
termine the temperature regime and the
margins we have in this bearing—even
though it is a bearing that never has given
us a problem into flight,” d’Allest said.
“We have learned that you never can be
prudent enough, and our policy now is to
closely monitor all Ariane parameters and
not let anything that seems suspicious pass
without taking a careful look at it.”

Anane propulsion contractor SEP was
asked to conduct testbench firings to fur-
ther explore the bearing's temperature
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variations, and the tests are proceeding
well, according to d’Allest.

A significant effort has been made to
prepare the entire Ariane industrial and
support network for a rapid and sustained
launch rate, which is necessary to fulfill
its current orderbooks and to allow
Ariane to compete for new business.

The European companies involved in
Ariane—SEP in particular—faced diffi-
culties in transitioning from the develop-
ment phase into a full-scale production
program. A number of management and
organizational changes have been made in
the Arane industrial team, including a
restructuring at SEP in which the compa-
ny was made an affiliate of the French
government-controlled aircraft engine
manufacturer Snecma.

“We're about five launchers ahead of
our production plan, and we have the ca-
pability to move the third-stage motors
through their checkout/acceptance proce-
dure at the rate of about one per month,”
d’Allest said. “This should enable us to
support & mission rate of eight launches
in 1988 and nine per year beginning in
1990, even taking into account unforeseen
problems that could arise.”

To date, 49 launchers have been or-
dered in the Ariane 1, 2, 3 and 4 ver-
sions—20 of which have flown. The
remaining 29 are under production or be-
ing readied for launch.

Arianespace now is negotiating with its
Eurcpean manufacturers to buy 50 more
Ariane 4s in 3 move designed to cover
launch vehicle requirements from 1991
through 1998, as well as to lower the in-
dustrial production and launch costs for
the booster.

For operations at Kourou, a third com-
plete launch team has been formed to al-
low a rapid mission turnaround and to
provide a pool of trained personnel when
replacements are necessary in the two pri-
mary teams that routinely will be working
in paralld to prepare two Arianes for
taunch. The new ELA-2 facility at
Kourou has two mobile launch tables,
and a third is being built to provide addi-
tional flexibility in mission preparation.

“Overall, we are confident we have the
resources to progressively build up our
launch rate to the desired pace. Thisis a
fundamental point for us and for our cli-
ents, and we are ready to meet our client
requirernents,” d’Allest said.

Arianespace is competing for a number
of new launch contracts, including the In-
telsat and Aussat telecommunications sat-
ellites, and India’s Insat 2. The
organization is proposing Ariane for
launch of the North Atlantic Treaty Or-
ganization’s NATO-4 series of military

.| communications spacecraft. D*Allest said
a number of European satellite contracts

also are in preparation for expected signa-
tures this year: with France for the Tele-
com 2 civil/military telecommunications

platforms, with West Germany for the
country’s TVSat-2 direct broadcast space-
craft and with the European Space Agen-
cy for its ISO scientific satellite.

In the domain of satellite production,
European manufacturers are awaiting re-

sults of both the Intelsat 7 and Aussat 2

satellite competitions in which they are
participating as part’ of multinational
teams. Industry officials said the active
role being played by European companies
in the two competitions represents the

DOL

Ewrspe’s Hormes manned spacepliams docks with the man-tended free-fller n orbil.
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| da dual-satellite payload structurs
| tor Arlane & carrles e satellits inside Hs
cylindrical structure. A second spacecraft is
| mountsd atep the conical upper section.

| maturing state of Europe's satellite and
payload technology.

“It's clear that European companies
| now are taking an active part in major

competitions outside Europe, so they no
'| longer can be said to be competing in
their ‘captive’ home marketplace,” one
manager at the French CNES space agen-
cy said.
! Matra is leading one of the teams bid-
ding for the Intelsat 7 production con-
tract, which also includes British
Aerospace and the California-based
TRW. For the Australian Aussat 2 con-
tract, British Aecrospace has taken the
lead role, with Matra acting as its partner.

“We belicve Europe’s aerospace indus-
try has reached the point where a compa-
ny like Matra can assume the role of
prime contractor in an industrial group-
ing that includes a major U. S. company
such as TRW,” Claude Goumy, head of
Matra’s Space Div., said. )

Other teams bidding for the Intelsat 7
and Aussat 2 contracts are GE Astro
Space with Aerospatiale and Messer-
schmitt-Boelkow-Blohm, and a partner-
ship between Ford Aerospace and
France’s Alcatel Espace.

Company executives said they hope the

two recent in-orbit problems experienced
! by European-built spacecraft will not
have a significant negative impact on the
competitions for Intelsat and Aussat
awards. The West German TVSat | di-
rect broadcast platform built in a consor-
tium that includes MBB and Aecrospatiale
failed to become operational because one
solar panel did not deploy following the
satellite's launch last November; while the
French civil/military Telecom 1B space-
craft produced by a Matra-led consortium
went out of control in January afier expe-
riencing problems with both its normal
and backup attitude control systems. O
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JAPANESE

HOPE

Details of Japanese efforts in the
spaceplane arena were given by Mr.
Toshio Akimoto, of the National Space
Development Agency of Japan
(NASDA), in a paper entitled "Concep-
tual Studies on the H-ll orbiting Plane”.

As implied in the title, the Japanese
spaceplane, HOPE (for H-ll Orbiting
Plane), is planned for launch atop the
H-ll booster in a similar fashion to
Europe's proposed Ariane V/Hermes
configuration.

Mr. Akimoto outlined the concep-
tual studies being undertaken in Japan
for a vehicle which would undergo its
first flight test in 1995,

He said the studies had invoived the
consideration of five variants:

® A 10 ton unmanned spaceplane
{U1) capable of lifiing a three ton
pavyload.

® A 10 ton manned spaceplane (M1)
capable of orbiting a crews of two
and a one ton payload.

® A 20 ton manned spaceplane (M2)
capable of carrying four crew and
four tons of payload.

@® A 29 ton manned spaceplane {M4)
with a crew of two and a one ton
payload, plus internal propulsion.

@ A 10 ton manned spaceplane (M1J)
with a jet engine two crew members
and a one ton payload.

Conceptual disgram of the Japanese
space shuttie vehicle under study

227

for 1992,
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Japanese spaceplane shuttle is launched
from Tanegashima island atop an H-2
heavy booster in this artist’s concept.

The first faunch of the H-2 booster is set

/"’

page 210

Hope would be 12 meters (39.4 fi.)
long, with a 10-meter wingspan and two
smal] canards. The Hope spaceplane could
carry a 3,000-kg. (6,600-1b.) payload for
delivery to a space station, or be used as a
mini-Spacelab, even though it is mot
manned, according to the Japanese.
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| Japan Will Develop New 3-Stage Booster

Yokyo—Japan has decided to develop a
new three-Stage, solid-propellant booster
capable of placing 4,400 1b. into low
Earth orbit, 8 project that marks the third
new high-technology expendable booster
program now under way in Japan,

The new 99-ft..long vehicle will have
about 1,000 Ib. more payload capability
than the U. S. General Dynamics Atlas F.
It will be used by the Japanese for heavy,
low-orbit science spacecraft and for plan-
etary missions to Venus and possibly oth-
er bodies.

First launch of the new vehicle is set
for the early 1990s. It is expected subse-
Quently to launch a spacecraft participat-
ing in very-long-base interferometry
studies in connection with other interna-
tional spacecraft and a Japanese mission
to Venus in 1994 or 1996.

The new vehicle will be developed by
the Institute of Space and Astronautical
Sciences (ISAS), Japan's space sclefice
agency, which for more than a decade
has launched about one space science
satellite per year.

Japan’s National Space Development
Agency is preparing for the second flight
test of its new H-1 booster in August and

- pect extensive participation from Nissan,

is entering advanced design of the H-2
booster, set for first launch in 1992, The
H-1 can place 1,200 ib. into geosynchro-
nous orbit, while the H-2 will launch Ja-
pan's Hope spaceplane and have the
capability to place more payload in geo-
synchronous orbit than a U. S. Air Force
Titan 34D,

The new ISAS booster has been desig-
nated as the “Next-Generation M," signi-
fying that the vehicle will replace the
current Nissan MU-35-2, which can place
1,500-Ib.-payloads in low Earth orbit.
The new booster will nearly triple that
payload launch capability.

The Japanese said the new booster is
justitied not only because of space sci-
ence needs, but aiso as a resuit of grow-
ing internationa! interest in Japanese
launch of foreign science satellites now
that the U.S. and European programs
have been stalled by their respective
launch accidents. )

No contracts for the vehicle have been
swarded yet, but Japanese officials ex-

since it is the only Japanese company
involved in building large solid-propellant
motors. ’

i FEVERY

Aviation Week & Space Technology 7-27-87

Japan Moves From US Technology

For Japan, the 1990's mean space
advancement in leaps and bounds. No
space programme will grow as quickly
during the next decade.

Following earlier success with the
N-1 and N-2 since the mid 1970's,
Japan introduced the new H-1 booster
in August 1986, Like the earlier boos-
ters, the H-1 uses part US technology
to lift 1200 pounds to geosynchronous
orbit. However, Japan cannot use the
H-1 for international services bacause
of US trade restrictions. Japan plans
seven more H-1 launches in the next
five years. =

A heavy-lift launcher using all-
Japanese technology wiil be first flown
in 1992. This is the H-2 which will be
capable of lifting 4400 Ib 10 geosyn-
chronous orbit, making it more power-
ful than the Titan-34D.

Japan is expanding launch facilities
on Tanegashima Island to launch the
H-2, which will be used for re-supply
missions to the International Space
Station.

SPACEFLIGHT, Vol. 29, October 1987
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Japan’s Manned Space Goals

Japan has completed a mock-up of a
Space station module due to be
launched by the US shuttle in 1995. An
experiment platform will also be
docked to the space station via shuttle
o H-2. A remote arm is also being
daveloped for the module.

Despite controversy with the US
defence plans on the space station,
Japan still intends to put Japanese
astronauts in space through the US
programme. Three astronauts have
been selected for training for the
Japanese Spaceiab mission and one
will participate on the 1991 fiight.

Japan is also studying an unman-
ned mini-shuttle concept called Hope.
Like Hermes, Hope will be taunched on
an expendable rocket, the H-2. First
launch of the unmanned spacecraft is
set for 1993 and subsequently Hope
will serve as a mini-spacelab and a
cargo ship capable of lifting 6,600 Ib.

The second phase of the spaceplane
project is the development of a hybrid
air-breathing and rocket powered
engine for manned use. The larger
spaceplane will take off and land on a
runway and development will be well
advanced by 2001.
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Author

This paper presents Japanese space activities with emphasis on
aspects from the past two years. Introductory remarks outline
the structure of space-related organlzations and the basic
principle for Japanese space activities. Among the scientific
activities, the highlights in 1984-1986 are the launches of two
spacecraft 'Sakigake’ and ’Suisei’ by M-3SII for Halley’s comet
exploration. In the field of practical applications, a
meteorological satellite GMS-3 and a broadcasting satellite BS-2b
were launched. The launch series includes the first launch of
the H-I vehicle, which is characterized by the use of a cryogenic
propellant for the second stage. In addition, +the Space
Activities Commission has approved two big projects: the
development of the H-II launch vehicle and the participation to
phase B activities in the U.S. Space Station program. Besides
those prominent topics, major authorized programs are reviewed
according to the newly revised space programs by the Space
Activities Commission.
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Proton is u bipropellant launcher that
uses nitrogen tetroxide as oxidizer and un-
symmetrical dimethylhydrazine as fuel.

The Soviets also are providing informa-
tion on the prelaunch operations at the
Baikonur Cosmodrome near Tyuratan.
As with other large Sovict launchers, Pro-
ton is intcgrated horizontally, then trans-
ported by rail to the lsunch pad.

The major integration work on Proton’s
first stape starts with the installation of its
central core on a large horizontal jig. The
Proton core is rotated on its longitudinal
axis in the jip. enabling the six strap-on
boosters 1o be installed.

The central core of Proton contains a
large tank that carries one of the two
propellants. The strap-on boosters each
contain one of the first stage RD-253 en-
gines as well as a tank for the other pro-
pellant.

Ground-level thrust of the RD-253 is
1,474 kN. (331,650 Ib), while vacuum
thrust is 1,635 kN. (367,875 Ib.), accord-
ing to Soviet data. Specific impulse &t
ground level is 285 sec., and specific im-
pulse in vacuum is 316 sec.

Weight of the unfueled RD-253 is 1,280
kg. (2,820 1b.), and the weight increases to
1,460 kg. (3,220 1b.) when the engine is
fueled.

Afier horizontal integration of the first
stage is completed, it is transfered by a
bridge crane to an assembly trolley for
repositioning and mating with the second
stage.

The Proton second stage is powered by
four single-chamber liquid-propellent en-
gines developing 600 kN. (135,000 Ib.) of
thrust each. ]

Soviet space program officials said Pro-
ton's third stage uses one 600-kN. engine
similar in design to the second-stage en-
gines. The third stage also has a four-
chamber 30-kN.-thrust (6,750 lb.) vernier
engine for flight/attitude control.

An additional stage is used on Proton
when it becomes necessary to transfer pay-
Joads from low Earth orbit to geostation-
ary orbit or place spacecraft on
interplanectary trajectories. This kick stage
is powered by a 85-kN.-thrust (19,125 Ib.)
main engine with a specific impulse of
3518 sec. The fueled stage weighs 17.3
metric tons (38,130 Ib.) and has a total
operating time of 600 sec.

The Soviets also are offering the SL4
Soyuz launcher and the Vertical sounding
rocket for commercial missions. Glav-
cosmos officials said Vertical could fill a
growing market requirement for sounding
rocket launch capacity, adding that the
vehicle can be fitted with a large recovery
capsule.

Vertical has been used for about 15

years in a variety of scientific missions,
they said. O
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WASHINGTON

Soviets Introduce S'ITu_i_-tIe, Energ

To Bolster Space Launch Capability

he Soviets will greatly expand their
I space launch capability and flexibili-

ty over the next five years by intro-
ducing the Energia and manned shuttle
heavy boosters and undertaking a whole-
sale modernization of its military satellite
capability.

The Soviets will also continue conduct-
ing and increasing tests similar to those of
the U. S. Strategic Defense Initiative with
a variety of space systems, and this activi-
ty will increase.

Some spacecraft have released 15-20
test objects to calibrate ballistic missile ra-
dars. These military missions arebelieved
to have participated in demonstrations in-
volving development of a strategic defense
system. Two such missions were launched
in 1987.

UNMANNED MISSIONS

The USSR is about to mount an ambi-
tious series of space science missions ex-
tending into the early 21st century. At
least 12 unmanned Earth-orbit science
missions are planned in addition to sever-
al unmanned missions to Mars and a like-
ly return of Soviet spacecraft to the Moon
by the late 1990s.

The Soviet space program has a higher
priority and receives greater funding than
its U.S. counterpart.

Compared with the U.S., the Soviet
program demonstrates a stronger national
commitment to use space operations as an
inherent element of national technological
and political policy. This aggressive execu-
tion of policy will be important to the
U. S./Soviet technological balance for
years to come.

An examination of Soviet space initia-
tives during the 1980s provides an indica-
tion of their intentions for the 1990s.

“Since 1980, more than 30 new space
systems have been introduced by the Sovi-
et Union, an average of four per year,”
according to a new report, Soviet Year in
Space-1987. The report was written by
Nicholas L. Johnson, advisory scientist
with Teledyne Brown Engineering, Colora-
do Springs, Colo.,, who does extensive
work for U. S. Air Force Space Command.

“During four of those eight years, new
manned endurance records were set {by
the Soviets] and two new space stations
were launched. Six sophisticated Soviet
probes were sent out into the solar system
while the U.S. launched none,” Johnson
said.

Numerous major achievements took
place in 1987 alone:

8 Establishment of the first permanent

BN SRR KA TS

Soviet Salyut 7 station, which is currently unmanned in a storage erbit, was photographed sarlisr

with a Soyuz docked ts its att port.

manned presence in space with the launch
of a replacement crew for the Mir station
before the original crew departed. This
operation will be continued indefinitely.
@ Establishment of a new manned endur-
ance record of 326 days, important for
station and advanced Mars mission plan-
ning.

® Introduction of the new Energia heavy-

The Soviets have also been
conducting tests similar to the
U. 8. strategic defense
initiative

lift booster, a launcher five times more
powerful than any previous Soviet Union
booster.

B Atmospheric flight testing of the Soviet
space shuttle in preparation for its first
flight, expected by 1989.

® First flight of 8 new-generation space-
craft conducting large-radar remote sens-
ing. The U. S. will be unable to launch a
similar vehicle until the mid-1990s.

8 Introduction of new military ocean sur-
veillance spacecraft.

® Demonstration of more flexible mili-
tary imaging reconnaissance satellite oper-
ations.

® Quick recovery from the failure of two
heavy Proton boosters and several satel-
lites with litle disruption of the space
program.

The Soviet Union is also embarking on

a space commercialization effort, attempt- |

ing to market its launch services and re-
mote sensing satellite imagery. The
primary benefit from these activities will
be favorable public relations. The sale of
these services will do little to affect the
launch plans of either the USSR or other
nations in international space markets.

FLIGHT OPERATIONS

Flight operations with the new Energia
booster, first launched last May 15, will
open a new era in Soviet space operations.
The Energia is capable of placing
200,000-1b. payloads into low Earth orbit.
The USSR would not have designed the
launcher if it were not developing & new
class of heavy payloads. In comparison,
the U.S. will not be able to match this
capabilty for another 10 years at the earli-
est.

Energia will launch large space station
modules in the 1990s which will solidify
Soviet leadership in manned station oper-
ations. Larger station modules holding
advanced equipment will open the way
for new technology developments in both
mililtary and scientific areas.

The Energia will enable the USSR to
launch the world’s first battle satellites
within the next five to ten years. These
could be large platforms capable of at-
tacking U. S. spacecrafl or ballistic mis-
siles, using kinetic- or directed-energy
weapons.

The Soviet space shutile, once fully op-
crational in the carly 1990s, will enable
that country to engage in covert military
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parisn missien te the Mir space statien is plannsd for this spring.

space operations on a large scale for the
first time. By using a shuttle, whose exter-
nal characteristics appear the same every
time, it will be much more difficult for
the U.S. to analyze individual payload
operations.

The shuttle will permit deployment of
payloads out of range of U.S. tracking
capabilities, including placement in geo-
synchronous orbit. This would provide an
increased military capability the U.S.
would be unable to counter in an emer-
gency. The Defense Dept. is concerned
that some of these geosynchronous pay-
loads could be “space mines™ with an
offensive capability against vital missile-
waming and communications spacecraft.

Introduction of the shuttle will permit
full exploitation of space construction and
satellite refurbishment, not easily done
from “capsule-type” spacecraft, such as
the Soyuz, used for the last 20 years.

Another new vehicle in development is
the small manned spaceplane, with first
manned launch on an SL-16 booster ex-
pected by 1990. The spacecraft will be the
world’s first space ﬁghtcr. capable of
qulck-reacnon military missions for satel-
lite attack, inspection, ground reconnais-
sance and station resupply.

The introduction of these capabilities is
likely to reduce the total number of Soviet
launches in coming years as the program
obtains more use out of individual space-
craft, according to Marcia Smith, who
heads Soviet space analysis for the Con-
gressional Research Service, Library of
Congress.

Current Soviet satellites have relatively
short lifetimes. An analysis conducted by
Johnson showed that by the end of 1987,
nearly half of all the satellites launched

that year had expired. As in previous
years, the number of Soviet launches out-
stripped those of all other nations in 1987.
The USSR launched 95 missions that
reached Earth orbit, carrying a total of
116 separate satellite payloads.

The United States, Europe, Japan and
China combined launched a total of 15
flights during the same period.

The Soviets exhibit a strong
national will to use space
operations as an element of
national political policy

In manned flight, the Mir space station
will be the focal point of Soviet operations
into the 1990s and act as a transition vehi-
cle to the much larger station that will
begin to take shape with Energia and
space shuttle flights by about 1995.

“During 1987 a total of 11 [manned
and unmanned] missions were flown to
the Mir station, a record for annual sup-
port operations and the largest percentage
(11.6%) of all Soviet space flights dedicat-
ed to manned related activities since
1978,” Johnson said. This group included
three manned Soyuz vehicles, seven un-
manned Progress tankers and the Kvant
astrophysics module.

For the first time, a manned crew was
launched in the new TM version of the
Soyuz, with significant computer and avi-
onics improvements over the earlier,
Soyuz T versions.

A 326-day flight on the Mir by Cosmo-

naut Yuri Romanenko in 1987 will likely
be surpassed this year by a two-man crew,
which is expected to remain on board for
at least a year.

Numerous long-duration missions will
be conducted to obtain physiological data
for the manned Mars missions, but more
routine station manning is expected to
last six months.

MATERIALS PROCESSING

Over the next five years, the Mir will be
equipped with several additional large
modules specialized for Earth resources
observations, materials processing, life sci-
ences and other purposes.

The modernization of military satellite
operations will be another primary devel-
opment over the next five years.

New recoids were set by the Soviets
with imaging reconnaissance satellites in
1987, indicating the direction of this pro-
gram in the future. During 1987, the Sovi-
ets launched 28 military imaging
satellites, two more than during the previ-
ous year. Overall, however, about the
same number of military imaging recon-
naissance satellites have been flown annu-
ally since 1980. A big difference, however,
is in the number of mission days these
spacecraft have operated.

“While the number of flights has re-
mained constant, the total annual military
mission days has almost tripled since
1980,” Johnson said. The reason for this |
is the long lifetimes of more modemn re- |/
connaissance systems. :

While the U.S. operates essentially
only one imaging reconnaissance satellite,
the USAF/Central Intelligence Agency
KH-11, the Soviets operate three types in
five separate orbital parameters.

During 1987, Soviet medium-duration
reconnaissance spacecraft that functioned
for 6 to 8 weeks were used extensively.
These vehicles were often commanded to
monitor specific intelligence targets. “The
new fifth-generation photo recon satel-
lites, under space testing for the past five
years, demonstrated unprecedented mis-
sion profiles suggesting attainment of full
operational capability in 1987," Johnson
said.

One of the’ fifth-generation spacecraft
set 8 new 259-day record for operations
during 1987.

In another important military area, an
electronic ocean surveillance satellite sys-
tem “achieved a new endurance record
and demonstrated more operational pro-
files,” Johnson said. “Of perhaps even
greater importance was the introduction
of a much higher orbit, which might sig-
nal the first major change in the ocean
surveillance program since 1974,” John-
son said.

The higher altitude provides two bene-
fits—the ability to more easily monitor
polar regions and to better stay out of
range of the U.S. F-15-launched antisa-
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tellite system. The latter objective may
now be irrelevant, since the U. S. has can-
celed the F-15 Asat program to pursue
ground-based directed-energy Asat sys-
The Soviets flew a total of six new
ocean surveillance satellite missions in
1987, compared with five in 1986. Their
ocean surveillance spacecraft constellation
was higher than that however, as the
newer satellites often were teamed with
older satellites already in orbit.

Two of the spacecraft launched in 1987
were nuclear-reactor-powered radar
ocean surveillance spacecraft. Two others
were electronic spacecraft that spot ships
by intercepting radio transmissions.

The two other spacecraft are classed as
unknown ocean surveillance vehicles fly-
ing new mission profiles.

A review of other mission areas for
1987 illustrates trends for future opera-
tions:

8 Communications satellites—The Sovi-
ets launched 11 low-altitude communica-
tions satellites in 1987, compared with 27
the previous year. One of the missions last
year carried eight satellites on one vehicle.
The high number of spacecraft launched
in 1986, but still operational reduced the
need for more missions in 1988. Only one
Molniya-3 spacecraft was launched in
1987, compared with seven in 1986. At
least seven communications spacecraft at-
tained geosynchronous orbit, one more
than in 1986. :

® Navigation satellitess—Six low-altitude

Since 1980, more than 30
new space systems have been
introduced by the Soviet
Union’

navigation spacecraft were launched in
1987, one less than 1986. Six Glonass ad-
vanced navigation spacecraft were
launched, with each mission involving
three satellites on a single booster. This is
three more spacecraft than were launched
in 1986.

8 Meteorological satellitess—Two new Me-
teor-2 spacecraft were launched, doubling
the 1986 rate. In addition, two remote
sensing satellites were launched, one carry-
ing an oceanographic radar and another
Cosmos 1,870, which is a large, multidisci-
plinary radar platform. ’

® Missile warning—The Soviets launched
only three early-wamning satellites in 1987,
compared with seven in_ 1986. “The
launch rate dropped dramatically in 1987
as the Soviet Union apparently reached
full operational capability for the first time
in the trouble-plagued 15-year-old pro-
gram,” Johnson saRHD
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"ENERGIA"

220,000% LEO

1st Launch 5/15/87
6.6M# Thrust

198’ Tall

4 10X/LH, Engines
4.4M% VeRicle

The Promise of Energia

The maiden launch of the Energia
rocket by the Soviet Union at 7.30 pm
Moscow Time on May 15, 1987,
marked the first time a very-heavy lift
launch vehicle has been flown since
the American Saturn V fade flight to
the Moon possible. T

The 220,000 pound payload capabil-
ity of Energia will be used to place large
satellites and space station segments
into orbit during the 1990's. A third
stage for the Energia is under study
which will lift 330,000 pounds into
orbit. But the primary feature of the
new Soviet rocket is its role as the
booster for the Soviet Space Shuttle.

When used as an unmeanned boos-
ter, a 120 ft strap-on payload canister
runs the length of the 198 fi tall rocket.
The canister will then be replaced by
the shuttie during manned operations.

The Soviet shuttlie relies on the
engines of the Energia to reach orbit,
since it carries no engines of its own.
This gives the Soviet shuttle a slight
payload capability advantage over the
US shuttle system. The Soviet version
is expected to lift up to 66,000 pounds
of cargo.

The first shuttle launch is likely in
1990, and will be unmanned. Cos-
monauts will board the shuttle in 1991
or 1992 for a two-year test phase.

Fully operational by 1994, the Soviet
shuttle will initially be used in conjunc-
tion with the growing Mir space sta-
tion. .

Unlike the US Space Transportation
System, the components of the Ener-
gia system sre 8 famijly of individual
launchers. The Energia uses four SL-16
boosters as strap-on rockets. The SL-
16 has been tested successfully follow-
ing severe development problems in
1984. :

Spaceflight, Oct. 1987 ‘
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sovket Union Outpaces U. S.

in Station, Launch Capabilities

HOBbII MUP
“NEW WORLD”

The Jlustzaion abose shows a possible scenanic for luture Soviel manned operar ans r near Eanth ornit The bas.c rioch cons sis of 8 Mk 1l
A s Space Stat.on larger than the current A with varpus modules and extens.ons anacked 1o the doch.ng ponts Asc depicled dJocked to &
1ate:al pa= s a Sov et Shatrie craft In hus paper " The Sov.et Space Shutite Programme Mr Tony Lawton sa.dihe Shoit'e had undergone six
brongstadale and Was /M08t 'eady 10 go o He surmised tha! the Lrst thght wou!d be ent rely automat ¢

Spaceflight Magazine
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Soviet Energia booster and the Mir space station have demonstrated capabilities in the

last month that U. S. will be unable to duplicate for st leest 6-8 years. Drawing at right
shrws the launch configuration of the Saturn 5-class Energia vehicle, which is capable of

placing at teast 220.000 ib. into orbit, a capability the U.S. will not regain until about

199320 years after the U.S. abandoned Ssturm 5 operstions. The Energia was
launched for the first time May 15 (awast May 25, p. 18). A large payload carried
piggyback on the booster was colored black, distinguishing it from the light color of the

rest of the vehicle. Two sats of oxygen/kerosene strap-on boosters are on either side of
the oxygen/hydrogen core. Four of the vehicle's eight engines are visible in this drawing.

As the Soviets assessed the Energia test flight, they continued to support the two
cosmonauts on board Mir. The Mir drawing above shows the complex in its current

configuration with the new Progress 30 tanker docked to the beck (far right). The Soyuz
TM-2 transport remains docked to the forward hub of the stetion. Cosmonauts Col. Yuri
Romanenko and Alexander Laveikin, who were lsunched Feb. 6, are starting their 17th

week in space. The U.S. will be unable to underteke menned space station operations ;% =
until at least 1994-95—20 years after abandoning Skylsb operations. o
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6.11.6 Chinese

3 -

By Craig Covault

Washington—The  Peaple's Repubhe of
Cluna s bepmning a new global campuign
o prket commicreial laimch servives on
its Long March boosters and has bepun
durelopment of a heavy rovket 10 spear-
head this cflon into the 1990,

Chis abwr plans 1o intensify efforis 1o
buy L. S and European space hardware
av & mecant of increasing Chinese acro-
space technology. The director of Chinua's
Great Wall Industry Corp., U Kcli. 10ld
AVIATION WELK & Sract TLCHNOIOGY
that Chinz has approned development of
a ncw heavy space boosier desipned to
utilize U. S. upper stages. The Chinese
are also uprating their existing oxygen/
hydrogen third stage to pluce stop the
vehicle.

The new CZ2-4L booster, set for first
fMlight in 1989, will have a liftofl thrust

and weight comparable to the U.S. Sat- -

urn 1B and a 4,000-5.400:-Ib. geosyn-
chronous  transfer  orbit  payload
comparable to the European Arniane 3/4
vehicles.

The new Chinese boosier will be able 1o
place 20.000-1b. payloads in Jow Earth or-
bit. a capability somewhat less than a
USAF Tuan 34D. It is being deseloped
for Chinese military and scientific space
needs Bt alse complements China's com-
mercial space market initiative.

Construction of 3 new launch pad for
the 1584-fi. booster will begin this fall &
the Xichang launch site in southwest Chi-
na. ‘-

Chinese C22-4L heavy booster will have »
itoff thrust and weight comparable to the
U S Saturn 1B rocket and » geosynchronous
transfer orbit payload capability comparable
to the European Ariane 374 First fligh? 1s set
for 1989 carrying » Chinese satelntc, and
commercia! satellites can use the vehcle
starting in 1990. Diagram at ieft shows the
vehicie's four large side-mounted liguid
boosters attached to a stretched Long March
2 core The core will have an additional four
engines The vehicle will generate 1.24 mil
hon Ib of kttoll thrust The sde-mounted
Loosters do not separate bul remain connect-
ed during hest stage Tight Launch shroud
(rght) for the CZ2-41 will be 43.3 t1 lonp and
13 3 f1 wide. The booster 15 heyed toward
launching the Huphes HS 383 spacecratt or
w0 smalice spacceeaft ot g g

92 At o e B AT Ym0 M, & AP '
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The family of Long March launch vehicies. Lek:
C2-1. Centre: CZ-2. Right: CZ-3.

Tabie 3. Details of the CZ-3 Booster.

Engine Designauon
Thrust, lonnes

. Specific impulse. sec
" Burn Time. sec

Stage dry mass. tonnes
Propeliantioad, tonnes

Stage length, metres
Stage diamerer, metres

Fuel
Ouydiser

nNOTES
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Stage
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At the IAF Congress in 1986, details
of more CZ-2 variants wera announced
113], fourin total. Al the missions sesm
to be scaled for a launch from Xi Chang
from where the CZ-2 can place 3.9 ton-
nes into a 28.5 deg, 200 km circular
orbit. This vehicle with a stretched sec-
ond stage couid be used to carry »
Hughes HS-376 communication satel-
lite into a low parking orbit, with a
PAM-D stage being carried for the
manoeuvres to geosynchronous orbit.

The CZ-2 could also be used with a
Hughes HS-399 communications satel-
lite: in this version, the satellite with a
mass of up to 1710 kg would be placed
into a geosynchronous transfer orbit
by the two stage CZ-2 and then its own
apogee motor would perform the
geosynchronous orbital injection.

A further CZ-2 variant could place a
Molniya satellite into its drift orbit of
about 400-40000 km, although the orbi-
tal inclination of the Soviet system
{62.8 deg) probably could not be
matched. :

The most ambitious new CZ-2 var-
iant would give the Chinese a major
launch vehicle. A much stretched sec-
ond stage would bs carried, but the
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first stage would be augmented b
either four or sight strap-on booster:
In the four strap-on booster versio
nine tonnes could be placed in orbi
while the eight strap-on version coul:
orbit 13 tonnes. It is possible that thi
variant is the CZ-4 which the Chines
have recently mentioned.

Another source described the CZ-
as being capable of placing 2040 &
into geosynchronous transfer orbit
this would use eight YF-2 engines clus
tered in the first stage (the existing firs
stage with four strap-ons, each havin.
@ single YF-2 7) with the possible prc
curement of a8 new upper stage fror
the United States [14)].

Using the CZ-4, s new geosynchror
ous payload launcher is being plannec
Designated CZ-4L, this is described a
an up-rated CZ-3 with four strap-on
(1S]. The current third stage would b
replaced by a new cyrogenic stage, an.
this combination would place 5.3 tor
nes into geosynchronous transfe
orbit, compared with 1.4 tonnes for th
existing CZ-3. The first flight of the C2
4L i_s planned for 1991.

Stage2 Stage)
YF-2{1) YF-73(1) !
70 ) )
284 264 428
132 29 451429
38 23
140 34.2 87
2022 781 148
338 3} 235
Nitrogen Tetronide LHydrogen
UDMM L Oxyger

lonyth f the Soosar w &4 &8
1RE 4141980 10 1N ther () $18G0I 5nAl haa & maswm.om .homatar of 10 mavian The numbeey in
Q8 ¢ SIRGc Than i0e the anging Haed The thrg “age
0 114010 Ll 197 som Lentn o114 cyrtas I ihg mon



CHINA'S LAUNCHER DEVELOPMENT

Av Wi

/e /py

Chinese Facility Combines Capabilities

To Produce Long March Boosters, ICBMs

By Craig Covault

Wan Yuan—The People’s Republic of
Chins has buill an acrospace industrial
complex employing 23,000 people here 10
develop and assemibly vittually all hard-
ware waxiated with China’s space buust-
e and hesvy nlercontnental bullisue
misstkes

MoDonnell Douglas Corp. is about 10
begin fornul discussions with the Chinese
on mating the puyluud assist module
(PAM) upper stuge to Lang March boost-
ers made here in order to form a Chineve
launch vehwle that would use a U. S
third stuge.

This AVIATION WLEK & SPACE TECH-
NOLOGY edutor recently toured the plant
snd was shown two Long March 2 vehie
cles in final chechout befure bewg shipped
to the Jiuquan launch site in the Gob
Dewert. One of the velichn 1 set to

launch a Chinese military reconnais-
sance/Earth resources satcllite 10 August.

The facility 1s known by two names, the
Capial Mochinery Co. and the Wun

Yuan Indistry Corp. My wasit 10 the site
wus with 8 group of Chinese, Japanese
and U. S. space officials attending the first
Pucitic Bavin space conference sponsored
by the American Astronautical Swicty
und its Chinexe and Jupanese counterpans
(AWasT June 15, p. 66).

The indusirial complex is based in the
small 1own of Wan Yuan about 30 mi.
south of Beipng. Duning the visit, s con-
hinual stream of hone-druwn carts passed
the facility™s secunty waull next to snall
peasant cottages with chichens running in
the sifeel. The complex 1w guarded by
People’s Liberation Army sentries armed
with AK-47 auiomatic weapons.

Stage Construction

The first wnd savond stuges for the
Long March 2 and the oxygen/hydrogen
third stage for the Long March 3 are built
in thes complex. The fird snd second
stuges of the Long March 3 ure built 1n
Shanghi, but could be built here just as
easily since they closely duphicate the

) Lgn; March 2 configuration.

Faclity Workdorce

The workforce a1 the site is made up of
3.000 senior engineers, 5,000 middie- and
junior-level engineers, and more than
10.000 skilled workers. The remainder of
the labor force is involved in facility up-
keep.

e:.l".s. and Jspenese space officials were
impressed that the Chinese had assembled
st ome Jocation the multidisciplinary re-
search, development, m. ing and
test capahility needed 10 build virtually all -
of the components used in their launch
vehicles and balltic mirsiles.

This spproach is used pantly to conform
with Communist doctrine, which empha-
wizes centralized control, and partly be-
cause it is the only way China can manage
such developments effectively given the
country’s limited subcontractor base.

Development of the oxygen/hydrogen.
powered Long March 3 upper stage here
provides an ple of the its the
Chinese have schieved with this intensive
manpower approach.
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Ozygen/hydrogen-powered third stage lor the Long March 3 booster (left) 1s hosted
.- up the launch towsr 3t the Xichang iaunch siie n southwest Chena. The third stage 1
L buill by the Wan Yuan industry Corp Roche! engine test s1and (sbove) southwes! of
w Beying is prepared tor 3 firing test. Thus particular stand 13 one of several ot the site

used 10 163t the Oaygen ‘hydrogen engine System and smatler Chunese rocket engines
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The initial space test several years ago
of the new third stage ended in 8 partial
failure when its engines shut down prema-
turely during the second of two planned
frings.

The factory diagnosed the problem as
bubbles in a propellant line. The Chinese
developed and tested new components,
conducted four ground sutic firings, then
launched the new hardware on an opers-

tional flight carrying China's frst geosyn.
chronous satellite—all within 70 days of
the failure. 7

The facility here appesred to total over
100 scres, with six large factory complex-
e in the compound.

The plant also includes at least three
other work centers and sbout eight re-
search institutes, most Jocated on this site
but & few, such as sn engine test center,
located away from the main facility.

The factory complex is divided mto
four departments, covering management,
systems engineering. production assurance
snd lsunch services.

Six separste factories within the com-
plex are devoted to assembly of entire
launch vehicles, as well as connectors,
servomachinery, control system devices
such a8 inertial gyros, telemetry systems
and vehicle electrical systems.

The eight research institutes cover te-
lemetry, materials, structural testing.
ground 1 needs, an flight

vV

control devicas, rocket engine control sys-
tems and rocket propulsion.

A computer center siso is part of the
complex and computer graphics-aided de-
ign work is an integral part of the opera-
tions.

In sddition 10 the basic Long March 2
and 3 boosters, the plant iy working on
multiple satellite deployment canisters. By
using a three-tier paylosd cradle, four
small satellites can be depioyed from »
single vehicle, reducing launch costs for
the individual spacecraft sponsors (awasr
Oct. 13, 1986, p.20). The Chinese are
marketing this capability internationally.

Swedish Malisat

Enpneers here also are working with
the Swedish Space Corp. in preparation
for the upcoming Mamlsat missi in
which the Swedith satelhie will be carried
a3 8 piggyback payload slong with a much
larger Chinese Jow-altitude spacecraf.

A tour of the final checkout facility for
Long March 2 boosters provided msight
into Chinese clean-room and security op-
erations.

The group passed numerous long, sin-

Chinese CZ-2C booster carrying o low Earth

Orbit satellite is leunched from the Jquan

site in north central China. This Long March 2

Is built st the Won Yusn Industry Corp.. which
~ 8430 builds Chinese bellistic missiles.
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gle-s100y, bnck buildings on ity way 10 the
checkout facility in the center of 1he com-
plex. Invide those buildings Chinese tech-
nicans could be seen working on vanous
sheet-metal sections such as propellam
wnk domes.

The checkout facility was o 200-fi.-long,
four-story bnck bangar Once inside we
were ashed 10 don slippers 10 prevent
tracking dust. The clean-room procedures
were not ngid, however. Suppon vehicles
had been driven straight inw the faciluy
from the outside. Our group was not
asked 10 don clean-room gowns, although

other visitons who went in later were
aked 10 wear themn. Some of the Chinese
in the fucility wore clean-room garments,
but othen did not

Two Long Murch 2 flight vehicles sat
on rail transports in the checkout hall
Both vehicles were broken down into
their first and second siages. An engi-
neering mochup of the oxygen/hydrogen
third stage also was in the facility for
training.

One of the CZ-25 had just been com-
pleted and wus swaiting shipment 10 the
launch site. Deputy Mansger Yang Jing-
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shi provided s basic description of esch
vehicle's siatus dunng s walk-around of
the rochets.

The Chinese displayed some sensitivity
10 security. Memben of the group, includ-
ing this editar, were taking notes of the
bricfing a5 we walked. Several umes dur-
ing this session, however, s different Chi-
nese official would enter our midsi and
yank our hands swsy from our note pads.

Everyone kept laking notes and the se-
curity official finally gave up, {aced with
the penistence of the U.S./Japance
spuce delegation and the indifference of
Yang to the perceived secunty breach.

Engine Thruet

Yung said the four firsi-slage engines
and single second-siage powerplant esch
could produce 83 tons of thrust, but the
Chincse operate the enginm at oaly 7!
wns 10 provide » large safety marpn

The firsi-stage engines were covered
with large thermal blankets. Yang mid
that although the oxygen/hydrogen en-
pnes are built 1a the plant, the vehicle's
first- and second-siage powerplanis are
built snd tested in central China.

Examination of the ocaygen/hydrogen
stage showed that it bad four umall engine
beils, g each chamber is a rels-
tively low-thruet powerplant.

Yang uid the facility is entering od-
vanced development of the liquid-fueled
strap-on boosters for the new Long March
24L. Each of 1ts four sirap-om boosters
will carry a single engine identical to the
powerplants alresdy in the vehicle. The
facility slso is working 10 build the &
meter (13-11) fairing that will be used on
the 24L. )

The plant operstes large stands for vi
bration and thermal testing and has a
large anechoic chamber for antenna devel-

opment.

Scenes of the plant in the movie presen-
wution showed as many ss four Long
Marck 2/DF-$ wehicles in simulianeous
checkout here. Other views v the Alm
included svionics smembly benches that
stretched about 100 A and & mumilar erea
for checkout of rocket engine turhopumpm.
wnth sbout 10 pumps mn vies

The Chinesz 3a1d they uwe fusion weld-
ing. plasma arc welding and laser weiding
at the facihiy.

Mot of the test and avwembly sreas
appesred comparable to those in the Weat.
Several of the areas had clean-room proce-
dures in effecr. O

Aviation Week & Space Techn.

7-27-87
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6.13  ACRONYMS and ABBREVIATIONS

$B Dollars-billions

SM Dollars-millions

AFD Aft Flight Deck

AFSATCOM Air Force Satellite Communications
AFSCF Air Force Satellite Control Facility
AFSCN Air Force Satellite Control Network
AFSCF/STC Air Force Satellite Control Facility/Space Test Ctr.
AGCS Automatic Ground Control System

AH Ampere-Hour

AI Artificial Intelligence

Al Aluminum

Al-Li Aluminum-Lithium

AOA Abort Once Around

APU Auxiliary Power Unit

ASE Airborne Support Equipment

ASSY Assembly

ATE Automatic Test Equipment; Air Traffic Control
ATKB Automation Technology Knowledge Base
ATO Abort to Orbit

ATPG Automatic Test Program Generation
AS0 Aerozine 50 (50X Bydrazine and 50X UMDH)
BIT Built-In-Test

BITE Built-In-Test-Equipment

BSTR Booster

C Celsius; Carbon

C2K Circa 2000

Cc HB Propane

CRD Computer Aided Design

CAE Computer Aided Engineering

CAI Computer Aided Instruction

CALS Computer Aided Logistics System

CAM Computer Aided Manufacturing

CDDT Countdown Demonstration Test

CDF Confined Detonating Fuse

CECO Center Engine Cutoff

CELV Complimentary Expendable Launch Vehicle (now Titan IV)
CG Center of Gravity '

CH Methane

C1 Computer Integrated Manufacturing
CITE Cargo Integration Test Equipment

CIU Computer Interface Unit

CM Command Module

c/0 Checkout

COMM Communications

COMM SAT Communication satellite

CPU Central Processing Unit

CPV Combined Pressure Vessel

CR Control Room

Cryo Cryogenic 7
CsoC Consolidated Space Opertions Center
CT Cravler Transporter

CTS Common Tank Set

cv Cargo Vehicle

CcvVD Chemical Vapor Deposition

DA Data Acquisition

D/A Digital/Analog
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6.13  ACRONYMS and ABBREVIATIONS (Continued)

DAS Data Acquisition System

DB Data Base

DBMS Data Base Management System

DBS Direct Broadcast Satellite

DBT Design Build Team

dc Unit Current

DCA Defense Communications Agency

DDT&E Design, Development, Test and Evaluation
DFT Design For Testability DMS Data Management

DOD,DoD Department of Defense
DOMSAT Domestic communication satellite

DPS Data Processing System

DSCS Defense Satellite Communication System
DSN Deep Space Network DSP Defense Support Program
DTC Design to Cost DR Discrepancy Report
ECLSS Environmental Control & Life Support System
ECS Environmental Control System

EECOM Electrical, Environmental, Communications
EIU Engine Interface Unit

ELS Eastern launch site

ELV Expendable Launch Vehicle

EMC Electro magnetic compatibility

EMU Extra-vehicular Mobile Unit

EPD&C Electrical Powver Distribution and Control
EPS Electrical Power Subsystem

ES Expert System

ESS Energy Storage System

E/T External Tank

ETR Eastern Test Range

EVA Extra Vehicular Activity

FAA Federal Aviation Administration

FCE Flight Crewv Equipment

FCM Fuel Cell Module

FDO Flight Dynamics Officer

FMS Flight Management System

FRCS Forvard reaction control system

FSS Flight Systems Simulator

FWC Filament Wound Case

FY Fiscal Year

GB Ground based

GD General Dynamics

GEO Geosynchronous; Geosynch. Orbit

GFS Government Furnished Support

GH2, GH2 Gaseous Hydrogen

GLOW Gross Liftoff Weight

GN&C, (G&C)Guidance Navigation and Control

GN2 Gaseous Nitrogen

GO Ground Operations

G02,GO2 Gaseous Oxygen

GPM Gallons Per Minute

GPS Global Positioning Satellite

GSE Ground Support Equipment

GSFC Goddard Space Flight Center

GSTDN(STDN) Ground Station Tracking and Data Network
HC Hydrocarbon

He Helium
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€.13  ACRONYHS and ABBREVIATIONS (Continued)

HEO High Earth Orbit
HIF Horizontal Integration Facility
BLLV Heavy Lift Launch Vehicle
HPFTP High Pressure Fuel Turbo Pump
HTO Horizontal Take Off
H/V Hardware
Bydrogen
H?D Bydraulic(s)
IC Integrated Circuit
IDSS Integrated Design Support System
I/F Interface
IMIS Integrated Maintenance Information System
IFA In-flight Anomaly
ILS Integrated Logistics System
IMU Inertial Measurement Unit
INCO = Instrumentation and Communi;g;jons Officer
INEL Idaho National Engineering Laboratory
INS,INST Instrumentation B
INT Integration
I0C Initial Operational Capab1lity
I/0 Input/Output
IPR Interim Problem Report
IPV Individual Pressure Vessel
IR Infrared )
IR&D Independent Research and Development
IRR Internal Rate of Return
Isp Specific Impulse
IV Interface Unit
IUS Inertial Upper Stage
JsC Johnson Space Center
K Thousand
KEV Kinetic Energy VWeapon
KSC Kennedy Space Center
| 44 Kilowatt
LAN Local Area Network
LBS pounds
LCA Launch Control Amplifier
LCC Life Cycle Cost
LCE Low Cost Expendable
LCEP Low Cost Expendable Propulsion
LC-Titan Large Core Titan
LDC Large Diameter Core
LEM Lunan Excursion Module
LES Launch Escape System
" LEO Low earth orbit
LH Left Hand

LH2,LH Liquid Hydrogen
Li-Soct, Lithium Sulphur Oxygen Chlorine
Li Lithium
Liquid Nitrogen
LO%,LO2 Liquid Oxygen
LPS Launch Processing System

LRBs Liquid Rocket Boosters
LRE Liquid Rocket Engine
LRU Line Replaceable Unit
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MFRGB
MFRSB
MILSTAR
MLP
MMC
MMMA
MMU
MPM
MPRCV
MPS
MPSR
MPST
MSBLS
MSFC
MS/NAS
MTBF

Na$S
NAS
NA-S
NASA

ACRONYMS and ABBREVIATIONS (Continued)

Linear Shaped Charge
Launch Vehicle
Launch and Landing

Million

Mission Control

Main Combustion Chamber

Modification Change Request

Mission Control System

Mission Control Teams

McDonnell Douglas Astronautics Company
Multiplex/DeMultiplex

Main Engine; Maintenance Expert

Medium Expendable Launch Vehicle

Medium earth orbit

Manned Fully Reusable Cargo Vehicle(s) (STS II)
Manned Fully Reusable Ground Based-OTV
Manned Fully Reusable Space Based-OTV
Military Transmission and Relay Satellite
Mobile Launcher Platform

Martin Marietta Company

Martin Marietta Michoud Aerospace

Manned Maneuvering Unit

Manipulator Positioning Mechanism
Manned Partially Reusable Cargo Vehicle
Main Propulsion System

Multipurpose Support Room

Multipurpose Support Team

Microvave Scanning Beam Landing System
Marshall Space Flight Center

Machine Screw/National Aircraft Standard
Mean-Time Between Failure

Sodium Sulphur

National Airspace System

National Aircraft Standard

National Aeronautics and Space Administration

NASA/RECON Remote console (NASA information retrieval system)

NCCS
NCS
NDE
NDT
Ni-Cd
NiCad
NIH
Ni—ﬂ2
NiTi
Nitinol
NLG
NORAD
NSI
N,H

2.4
N204
0AA
OBECO
OMI
OMP

Network Communication and Control Stations
Network Control Stations

non-destructive evaluation
Non-Destructive Test

Nickel-Cadmium

Nickel Cadmium

Not Invented Here

Nickel-Hydrogen

Nickel-Titanium

Nickel-Titanium-Naval Ordnance Laboratory
Nose Landing Gear

North American Air Defense

NASA Standard Initiator

Hydrazine Monopropellant

Nitrogen Tetroxide

Orbiter Access Arm

Outboard Engine Cutoff

Operations and Maintenance Instruction
Operation Maintenance Plan
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6.13  ACRONYMS and ABBREVIATIONS (Contjnued)

OMRSD
OMS
oMV
oPC
OPF
0oPS
ORB
ORU
OTV
ov

P/A
PAM
PAREC
PC

PCBS
PCP

PCR

PDI

PDR
PFLB
PGHM
PGOC
PIC
PIDB
PL, P/L
PLB

PLF
POCC
POI

PRCBD
PRSD
PSA
PSI
PSP

PV
PV&D
P/A
P/FRCV

QA
QC
QD

RAMCAD
RCC
RCS
R&D
RECON
RF
RFCS
RFP
RH
RIC
RJDA
RMS
R&PM

Operational Maintenance Requirements and Specifications Document
Orbital Maneuvering System

Orbital Maneuvering Vehicle

Operations Planning Center

Orbiter Processing Facility

Operations

Orbiter

Orbiter Replacement Unit; Orbital Repaired Unit

Oribital Transfer Vehicle

Orbiter Vehicle

Propulsion/Avionics module

Payload Assist Module; Payload Applications Module
P/A Recovery Area

Printed Circuit

Printed Circuit Boards

Pover Control Panel

Payload Changeout Room

Payload Data Interleaver

Preliminary Design Review

Pressure Fed Liquid Booster

Payload Ground Handling Mechanism

Payload Ground Operations Contractor (MDAC)

Pyro Initiator Controller

Preliminary Issues Database

Payload

Payload Bay

Payload Fairing or Payload Facility

Payload Operations Control Center

Product of Inertia

Problem Report

Program Review Control Board Directive

Pover Reactant Storage and Distribution

Payload Support Avionics
Pounds Per Square Inch
Processing Support Plan
Present Value

Purge, Vent and Drain
Propulsion/Avionics
Partially/Fully Reusable Cargo Vehicle

Quality Assurance
Quality Control
Quick Disconnect

Rome Air Development Center

Reliability and Maintainability through Computer Aided Design
Reinforced Carbon Carbon

Reaction Control System

Research and Development

Remote Console (NASA information retrieval system)
Radio Frequency

Regenerative Fuel Cell System

Request for Proposal

Right Hand

Rockvell International Corporation

Reaction Jet Drawer

Remote Manipulator System

Research and Program Management
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6.13 ACRONYMS and ABBREVIATIONS (Continued)

RPSF
RP-1

SAFT

SAT

S&A

SB

SBS

SBSS

s/C
SCAPE
SDI

SDIO

SpV

SicC

SIP

SIT
SLSOC

SM

SMA
SMCH

SME

SOA

socC

SOPC
Sov
SPACECOM
SPADOC
SPC
SPIDPO
SPDMS
SPI

SRB, SRBs
SRM, SRMs
SRSS

SS

SSME
SSMEC
SSSF
SSTO

ST

STA, STAS
STC

STE

STS

STS II
sV

S\V, (SW)
T-I1I
TACAN
TARS
TAV

Rocket Propellant Servicing Facility

Rocket propellant-JP-X based

Repair/Replace

Reusable Surface Insulation

Repetitive Task Operations and Maintenance Instruction
Remote Tracking System

Room Temperature Vulcanizing

Research and Technology

Remote Unit

Sulphur

Semi-Automatic Flight line Tester

Satellite

Safe and Arm

Space Based

Space Based System

Space Based Space Surveillance (System)
Spacecraft

Self-Contained Atmospheric Protective Ensemble
Space Defense Initiative

Space Defense Initiative Office/Organization
Shuttle Derived Vehicle

Silicon Carbon

Standard Interface Panel; Strain Isolation Pad
System Integrated Test

Simplified Launch System Operational Criteria
Support Module

Shape-memory alloy

Standard Mission Cable Harness

Shape Memory Effect

State-of-Art

Satellite Operations Center

Shuttle Operations Planning Center

Statement of Work

Space Command

Space Defense Operations Center

Shuttle Processing Contractor (Lockheed)
Shuttle Payload Integration and Development Program Office (JSC)
Shuttle Processing Data Management System
Standard Practice Instructions

Solid Rocket Booster(s)

Solid Rocket Motor(s)

Shuttle Range Safety System

Space Station

Space Shuttle Main Engine(s)

Space Shuttle Main Engine Controller

SRB Segment Storage Facility

Single Stage to Orbit

Space Telescope

Space Transportation Architecture (Study)
Satellite Test Center

Systems Test and Evaluation or Special Test Equipment
Space Transportation System

Space Transportation System II

Space Vehicle

Software

Titan III

Tactical Navigation

Turnaround and Reconfiguration Simulation
Transatmospheric Vehicle
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TBD
TDAS
TDRS
{ TDRSS
TE
TIS
™
TP
T-0
TOs
TPS
TRAJ
TS
T/S
TSM
T&CN
TTL
TVvC

UART

uDS
UEXCV
UFRCV
UFRGB
UFRSB
UHF
ULCE
ULV
UMDH

, UPRCV

( UPRCV(R)
UPXCV
UMB

VAB
VAFB
VCl
VC1A
vCc2
VHF
VHSIC
VIB
VIF
VLSI
VPF

WAD
WBS
WEM
VCCS
WSMC
wCs
VSB
WTR
XTKB

6.13 ACRONYMS and ABBREVIATIONS (Continued)

To be Determined/Defined

Tracking and Data Acquisition Satellite
Tracking and Data Relay Satellite

Tracking and Data Relay Satellite System

Test Equipment

Technology Identification Sheet

Telemetry

Test Point; Test Plan

Liftoff Time

Transfer Orbit Stage

Thermal Protection System; Test Preparation Test
Trajectory

Transportation System

Test Setup

Tail Service Mast

Telemetry & communication network
Transistor/Transistor Logic

Thrust Vector Control -

Universal Asynchonous Transistor

Universal Documentation System

Unmanned Expendable Cargo Vehicle

Unmanned Fully Reusable Cargo Vehicle
Unmanned Fully Reusable Ground Based-OTV
Unmanned Fully Reusable Space Based-OTV
Ultra High Frequency

Unified Life Cycle Engineering

Unmanned Launch Vehicle

Unsymmetrical Dimethylhydrazine

Unmanned Partially Reusable Cargo Vehicle(s)
Unmanned Partially Reusable Cargo Vehicle with return
Unmanned Partially Expendable Cargo Vehicle
Umbilical

Vehicle Assembly Building
Vandenberg Air Force Base

Visual Clean 1 (standard)

Visual Clean 1A (sensitive)
Visual Clean 2 (highly sensitive)
Very High Frequency

Very High Speed Integrated Circuit
Vertical Integration Building
Vertical Integration Facility
Very Large Scale Integration
Vertical Processing Facility

Vork Authorization Document

Work Breakdown Structure

Water Electrolysis Module

Window Cavity Conditioning System
Vestern Space and Missile Center
Vaste Conditioning System

Vater Spray Boiler

Vestern Test Range

Expanded Technology Knowledge Base
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